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A T^HiTQinN PROMOTER FOR CORD-REINFORCED RUBBER 

rT?OSS REFER FKrff TO n^l.A '^^^ APPLICATIONS 
ms is a continuation-in-paxt of U.S. Patent Application Serial No. 10/301,770, filed 
November 21, 2002, which is a continuation-in-part of U.S. Patent Application SenalNo. 
10/144,229, filed May 10, 2002, the entire respective disclosures of which are hereby 
incorporated by reference. 

TTIFT n OF TP l? INVENTION 

The present invention is directed to adhesion promoters for adhering elastomers, 
including natural and/or synthetic rubbers, to natural or synthetic polymeric cord or fabric 
substrates, and/or metal cord or metal substrates, particularly cords in the manufectuie of 
cord-reiBforced rubber articles, such as tires, hoses, conveyor belts, transmission belts, and 
the like. 

HACKGROUNl^ "F THE IN VENTION 

Many rubber articles, principally automobile tires, but also including hoses, conveyor 
belts,powertrainbelts,e.g.,transmissionbelts,andthelike,areusudlyreinforcedw»fe 
fibrous ormetal cords. In all such instances, the fiber mustbefirmlybonded to the rubber. 

-nus is so whether the fiber is a natural or synthetic polymer, or metalHc. and whether the 

rubbers are natural or synthetic. 

The conventional practice has been to prepare the fiber by pretreatment with a 

combination of hexamethoxymelamine or hexamethylene-tetramine and phenol- 
fonnaldehyde condensation product, wherein the phenol is ahnost always resorcmol. By a 
mechanism not completely understood, the resin reacts with the fiber and the rubber, 

effecting a firm remforcing bond. 

One method for preparing rubber compositions reinforced with cords entails 
compoundingavulcanizing rubber stock composition with the components of an adhesive 

resin condensation product. The components of the condensation product mclude a 
methylene acceptor and a methylene donor. THe most commonly employed methylene 
acceptor is a phenol, such as resorcinol, while the most commonly employed methylene 
donor is a melamine, such as N-(substituted oxymethyl)melamine. Hie effect achieved is 
resin formation during vulcanization oftherubber,creatingabond between the 

or polymeric cords and the rubber, irrespective ofwhether the cords have been pretreated 
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y^ib an additional adhesive, such as a styrene-butadiena latex, polyepoxides with a blocked 

isocyanate, and the like. 

Resoranol-ftee vulcanizable rubber compositions ate known. For example, U.S. 
Patent No 5,298,539 discloses vulcanizable nibber compositions containing uncured rubber, 
a vulcanizing agent and at least one additive selected ftom the group consisting of denvafves 
ofmelamine, acetoguanamine, benzoguanamine, cyclohexylguanamme and glycolurd 
monomer and oligomers of these monomers. These derivatives are substituted on average at 
^vo or more portions on the monomer or each unit of the oBgom« with vinyl tenmnated 
radicals and the composition is fiee of resorcinol. 

Aitother mamier of eliminating resorcinol fiom vulcanizable rubber con^ositiods has 
rehed on the use of alternative coreactants. U.S. PatentNo. 4,038^20 describes a 

vulcanizable mbber composition which comprises a rubber, a filler material, N^substitiated 
oxymetlwDmelamine and at least one of a- or M-phthol. This reference employs ti« 
monohydric phenols, a- or p-naphthol, as methylene acceptors in the resm fonrnng reaction 
during vulcanization in the absence of resorcmol. The use of resorcinol-formalddtyde n=sm 
io replace resorcinol in vulcanizable rubber con^ositions is also known. For example, see A. 
Peterson, et d.. "Resorcinol Bonding Systems for Steel Coni Adhesion". Rubber World 
(August 1984). 

An increased need in the industry for fiber remforcing of rubber to survive high 
dynamic stress, such as flexing, to avoid tire belt separation has brought about a continumg 
search for other and better methods for achieving high adhesive strength. 

Tires typically have a constraction such that a carcass, edge portions of a belt, an 
under-belt pad and the like are intricately combined with each other in its shoulder portion. 
Ihe under-belt pad provided continuoudy along the circumfe^ntial shoulder portion of the 
tire between a tread rubber portion and tiie carcass and extending outwardly of the belt edge 
portions along the width of the tire is a thick rubber layer, which is a structural characteristic 
for aUeviating a shear stress possibly generated between the belt edge portions and the 
carcass. Further, since the mider-belt pad is repeatedly subjected to loads during runnmg, 
heat is Uable to build-up in the mrfer-belt pad. th«eby causing internal mbber destruction m 
the mider-beK pad and adhesion faihires between the mbber components and between a 
nAber portion and cords (steel cords) in the carcass. Ws causes separation of the belt edge 
portions and ply separation in the carcass resulting in breakdown of the tire. One 
conventional w«>ach to tiiis problem is that the under-belt pad is formed of a rubber 
compound which contiuns . reduced amount of caAon black for suppression of heat bmld-up. 
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However, the rubber compound for the under-belt pad is softened by the reduction of 
tlie carbon black content therein. This also results in the adhesion failure and the internal 
rubber destruction in the under-belt pad due to the heat build-up, thereby causing the ply 
separation and the belt separation m the tire during running. Therefore, Ihis approach is not 
satisfactory in terms of the durabiUty of the tire. The deterioration of the durability of the tire 
which results from the heat build-up attributable to the structural characteristic of the under- 
belt pad is a more critical problem, since the recent performance improvement of automobiles 
requires that tires have a higher durabiUty under higher speed rumimg and heavy loads. 

Despite their good abrasion resistance, radial tires become unusable sooner than bias 
tires because of the belt separation which takes place while the tread still remains. One way 
that this problem has been addressed is by improving the tread or steel cord-embedding 
rubber. For example, an improved tread is of dual layer structure, with the inner layer (base 
tread adjacent to the belt) being made of a rubber composition which is saved from heat 
generation at the sacrifice of abrasion resistance, and the outer layer (cap tread) being made . 
ofa rubber composition ofhigh abrasion resistance. Also, an improved steel cord-embedding 
rubber is made ofa rubber composition containing an adhesive such as a cobalt salt of an 
organic acid, hydroxybenzoic acid, and lesorcinol, which increases adhesion between rubber 
and steel cord. These improvements, however, are not completely successful. 

Other adhesion promoters have been used in an attempt to avoid belt separation, for 
example, special latices such as, for example, a vinyl-pyridine latex (VP latex) which is a 
copolymer of about 70% butadiene, about 15% styrene and about 15% 2-vinylpyridine. 
Examples of other latices which are present in adliesion promoters are acrylonitrile rubber 
latices or styrene-butadiene rubber latices. These can be used as such or in combination with 
one another. Especially suitable adhesion promoters for polyesters are also those which are • 
applied in multi-stage processes, for instance a blocked isocyanate being appUed in 
combination with polyepoxide and the material then being treated using customary 
resorcinol-formaldehyde resins (RFL dip). It is also known to use combinations of RFL dips 
with other adhesion-promoting substances such as, for example, a reaction product of triallyl 
cyanurate, resorcinol and formaldehyde or p-chlorophenol, resorcinol and formaldehyde. 

Not only is it necessary that adhesion between rubber and metal, e.g., steel or 
polymeric cord be high, but it is also necessary that a decrease in adhesion be as small as 
possible while tires are in use. hi actuality, tires containing a steel cord-embedding rubber 
with good adhesion occasionally lose the initial adhesion to a great extent after use. The 
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following are the possible reasons why adhesion between steel cord and rubber decreases 

while tires are in use: 

(1) Tires are subject to many minute cuts when they run over gravel or sharp 
objects. The cuts reaching the inside of the tread permit air and moisture to infiltrate into the 
tire, promoting the aging and fatigue of the embedding rubber and also rusting the steel cord. 
All this leads to a decrease in adhesion. 

(2) The adhesion improver incorporated into the steel cord-embedding rubber 
diffuses and migrates into the tread rubber during vulcanization or tire use. This le^ 

decrease in adhesion. 

(3) The softener and other additives incorporated into the tread migrate into the 

steel cord-embedding rubber. This also leads to a decrease in adhesion. 

Despite the various proposals made to improve the adherence of cord to rubber in 
vulcanizable rubber compositions, there is a continuing need for commercially available cost 
effective additives that improve the adhesion of rubber to fibrous or metal cords in 
vulcanizable rubber compositions; 

The adhesion promoter systems of the present invention far surpass any extant 
adhesion promoters knovm in the art for adhesion of metal and/or polymeric cord to 
vulcanizable rubber. 

STTMMARY THK INVENTION 

In brief, it has been found that the use of long chain esters formed by reacting mono, 
di-, and/or tri-carboxyfic acids containing one, two. or three C6-C24 long chain radicals or 
fatty acid residues, and alcohols containing a C3-C24 alkyl group, in a natural or synthetic 
vulcanizable rubber, unexpectedly increases the adhesion between the rubber and a metal or 
polymeric substrate, such as metal or polymeric surfaces, particularly cords used in 
reinforcing mbber in tires, hoses, conveyor belts, motor mounts, automotive drive train belts, 
including transmission belts, and the like, when added with an adhesive resin, such as a 
melamine-containing resin or a phenol-. e.g., resorcinol-containing resin, e.g.. aNovolak 
resin. Examples of suitable substrates include steel, brass-coated steel, brass, polyester, 
Aramid, textiles, copper, glass, and the like. Application of the adhesive promoters of the 
invention is particularly contemplated with steel cord, brass-coated steel cord, brass cord, 
polyester fiber cord, Aramid fiber cord, glass cord, fabric and flat metal surfaces, and the like. 
WhUe these resins have been used before to adhere metal tire cord to a vulcanizable rubber, 
and theoretically bond the rubber to the resin, surprisingly good adhesion has been found by 
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additionally adding one or more long chain mono-, di-. and/or tri-esters, particularly dimerate 
esters reacted from Cs fatty acids, and C3-C24 alcohols, preferably. Ca-Cg alcohols, more 
preferably Q-Cs alcohols. Preferably, the esters provide unexpected, tenacious bonding 
between polymeric or metal cord and rubber, when combined with an adhesive resin. It is 
theorized that the long chain esteis of the invention strongly adhere both to the rubber and to 
the resin, with the resin providing sufficient ionic bonding to the reinforcing cords. 

. c^e aspect ofthe composition and articles described herein is to provide a radial tire 

for heavy lokd vehicles characterized by good adhesion between steel or polymeric cord and 
steel cord-embedding rubber, said adhesions lasting for a long time with only a small loss of 
adhesion while tires are in use. Another aspect of the compositions and articles described 
herein is to provide a radial tire for vehicles and other coid-embedded rubber articles which 
are superior in cord adhesion to rubber. 

nTTTATT RD DESrRlPTTON OF THF. PREFEBWFP F.MBOPIMENTS 

The adhesion promoter systems of the invention include at least one long chain ester 
compound and at least one adhesive resin. The adhesion promoter systems are useful for 
improving the adhesion of rubber to metal and polymeric substrates, particularly metal and 
polymeric cord. Surprisingly, the adhesion promoter systems disclosed herein significantly 
increase the adhesion of rubber compositions to such metal and polymeric substrates. In the 
description, the terms "adhesion promoter system" and "adhesion promoter" may be used 
interchangeably. 

In the adhesion promoter systems of the mvention, long chain esters are typically 
added to natural or synthetic rubber with a vulcanizing agent and an adhesive resm. The 
adhesion promoter systems may be added to a natural and/or synthetic rubber(s). as a neat 
liquid, in order to promote adhesion. Typically, however, the adhesion promoters are imxed 
with a dry carrier, such as calcium silicate, to form an alternative deUvery system, whichcan 
be incorporated into natural and/or synthetic rubber(s). In such a method, the carrier 
facilitates delivery of the active adhesion promoting agents to the rubber(s). In yet another 
refinement of the invention, tiie adhesion promoter may be formulated as a "polymer 
masterbatch." According to this aspect of tiie invention, a pellet comprising polymer (about 6 
wt.o/. to about 20 wt.%). filler or inert ingredients (about 0 wt. % to about 14 wt.0/0), with the 
balance being an adhesion promoter system (f.e.. at least one ester compound in accordance 
with formulas I-IV and at least one adhesive resin such as melamine) is added to a natiiral or 
synthetic rubber. Typically, tiie masterbatch polymer and the rubber to which the 
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„,as.erbatch polymer,, added ^xenusdbl.. Pr.fer.bly. fl.e mas.eAa.ch polymer and fl» 

rubber are the same. . 

Throughou. *e specification, the adhesion promoter systems are generally nsed m an 
^oun.bemeenabo«t0.2%byweightandabout30%byweight. Typically, each 

component of an adhesion promoter system of the invention O.... an ester in accordance ™«. 
ZuasI.IVar^a„adhesiveresin)isp,esentint.amo.tbe.weenabo„t0.1%a„dabo« 

150/, by weight, usually between about 1 wt% and about 10 wL"/.. and most preferably 
be.wIabou.2wf/. and abou.8w..%.basedo„th.w.igh.of natural and syntheuc rubber 

in the composition. 

Ranges may be expressed herein as fiom "abouf or "app.^xima.eiy one pamcular 
«Uuea„d/or.o"aboufor"approximateiyano.herpartic»larvalue. men such a range. s 
expressed, ano*er embodimen. includes ftom U.e one pardcular vatae and/or «. fl» otter 
particul^value. Similarly, when values are expressed as approximations, by us. of the 
L.»«len."abouCi.wiUbeunders.ood.ha.theparacularvaluefonnsanoti.era.i^^ 

ra. long chain es«rs may be monoeslers, diesrers, tiies.ers. or mixWr« fl«reof; ««. 
may inctade sah,ra.ed or unsaUmUed hydrocarbon chains, s.rai^. chain or branched havmg 
nonsi. one, two or am. double bonds in the hydrocarbon chains. 

The monoesters have a formula I, as foUows: 

(I) 

wherein R' is a C3-C„ aU^U P« CC. alkyU more preferably CrC. aBcy«. 
chain or branched. sah>rat«l or unsahrratedcon«dningl«.3c.Aon..o^ndo«bl.bonds. 

is aC3-C., preferably C-C mor. preferably Cs-C,. samra.edhydroc«bon^oran 
unsaturated hydrocarbon having 1 to6,pref«ablyl to 3carbon.««aAondoubl.bonds. 
The dies.ers have a formula n or III, as fellows: 

O o 
r4.0-C-{CH2)„-C-0-R' (ID 
wher.i»n=3-24.preferab,y6.18,^dmoreprefer*lyMO.andR'andR2^^^ 

are C3-C„ allcyl. pteferably Cs^. alkyl. more preferably C-Cs aUcy. radtcal^ 
orbranched. sati.ra.«i or unsaturated c„n«dning 1 to 3 carbon-to-carbon doublebonds. 
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(HD 

Wherein and R'. same or different, are CrC24 alkyl, preferably C6-C24 alkyl, more 
preferably Cs-Cs alkyl, straight chain or branched, either saturated or containing 1 to 6. 
preferably 1 to 3, carbon-to-caibon double bonds; 

R^ and K\ same or different, are C3-Q4 alkyl, preferably Ca-Cs alkyl. more preferably Ce- 
C18 alkyl, straight chain or branched, saturated or unsaturated containing 1 to 3 caibon-to- 
carbon double bonds; and 

R^° and R^\- same or different, are C3-C24 saturated hydrocarbon chains, preferably C3-C18, 
morepreferWc6-Ci8. straight chain or branched; or unsaturated C3-C24 hydrocarbon 
chains, preferably Ca-C^, more preferably Ce'C^., straight chain or branched, contaimng 1 to 
6, preferably 1 to 3, carbon-to-caibon double bonds. 
The triesters have a formula IV, as follows: 



Ri9-0-l!;-Ri^ Ri^l-O-R^^^ 




RW-to-Rls 



R20 R17 



(TV) 



■ wherein R»^ R^' and R»^ same or different, are C3-C24 alkyl, preferably C6-C24 alkyl, more 
preferably Cs-Cis alkyl. straight chain or branched, either saturated or containing 1 to 6, 
preferably 1 to 3. carbon-to-caibon double bonds; 

R», R" and R'^ same or different, are C3-C24 alkyl, preferably Cj-C^ alkyl, more preferably 
alkyl, straight chain or branched, saturated or unsaturated contaimng 1 to 3 carbon-to- 
carbon double bonds; and 

R^^ R" and R^°, same or different, are C3-C24 saturated hydrocarbon chains, preferably C3- 
cJ, more preferably C6-C,8, straight chain or branched; or unsaturated C3-C24 hydrocarbon 
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eWns.preferab,yC,.C,,, mo. preferably C.C,s.s«aigh.chainorbra^^ 

6.preferab.y.«.3.ca*on-.o-ca*ondoub.ebon*^ R»3„aR» of the esters 

The fatty acid residues or hydrocarbon chains R , R , K , K , an 
of formulas I. D. m, IV can be any C3-C„. preferably C.-C„. more P-^"^ 
hydrocarbon ehain. ei*er satura^d or conuining 1 .0 6, preferably 1 .o 3. oa,bon-U>^ 
aLle bonds, derived fton, annnal or vegetable fatty acids such as butter, lard; taUow; 
^e; herring; menhad«r; pilchard; sardine; babassu; castor, c^nu,; com; cottonseed; 
lbalinseed;oitidc.;oUve;pahn;palmk«nel;pcanut;rapeseed;safflower;soy^^ 

:t;er;.all;a„d;orttmg.E.amplesare«,ehydrocarbonchainr«^^^ 
Zy acids Where thennmberinparenmesesindicatesthenumberofcarbona^^n. 
„Jberofdoublebonds,e...(C..,indicatesahydrooarbonchahrhavi^24c«b»^^^ 
„d 6 doublebonds: Hexanoic (C«); Octanoic (Cs.); Decanoic (C,«); Dodecanorc (C,«). 
9-Dodecenoic (CIS) (Ca-,); Tettadecanoic (C,«); 9.Te.radecenoic (OS) (C,.-.); 
Hexadecanoio (CIS) (C,«); 9-Hexadecenoic (CIS) (Cm); Octadecanorc (C.«,); 9- 
Octadeoenoic (OS) (C,..,); 9^ctadecenoic, 12.Hydroxy-(CIS) (C,,..); 9. 12- 
Laecadienoio (CIS. CIS) (C,.^; 9. 12. .5 Oot^eoatrienoic (OS, CIS. OS) (C..); 9. U. 
,3 OCadecattienoic (CIS. TIU^S, ™ (C* 9; U. ,3 Octadeca«^o.c. 4-0x0 (CK. 
™. -r^ANS) (Cs.); OCadecatetrenoic (C,„); Eicosanoic (C); 1 l-Ercosenorc (CIS) 
(C. ,)• Eicosadienoic (C..,); Eicosattienoic (C^); 5. 8, 11. 14Eicosatetraeno.c(^). 
Slientaenoic (0.=); Docosanoic (C„); 13 — ie (OS) (CO; ^^^"^^ 
(C..); 4. 8, 12. ,5. .9 Docosapentaenoic (C..>);Docosahexae„oic (C..); Te.racos«K..o 

■ (C24.0; and 4. 8. 12. 15. 18. 21 Tetracosahexaenoic (C«). . . . 

Examples of particularly useful diester. of formula n include a sanmtted d-ester 

fonnedbythereaction of sebaoic acid and 2-ethyn.exyl alcohol: 

CHs CH3 
I I 

CT3KCH2)3-CH-CH2-0-C<CH2)8-C-0-ai2-CH-(CH2)3-CH3. 
Otheruseful diestersfalhng within fonnulaninclude the saturated di^^^ 

reaction of sebacic acid with tridecyl alcohol, 

Cj O 

CH3-(CH2)i2-0-C-(CH2)8l-0-(CH2)i2-CH3 
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and the unsaturated diester fonned by reaction of sebacic alcohol with oleyl alcohol: 

Useful cyclic diesters falling within formula ffl include dimerate ester structures 
formed by the reaction of a C3. dimer acid derived from taU oil fatty acids and €3-0,4. 
preferably C3-Q s, more preferably Q-C 3 alcohol, straight chain or branched, saturated or 
^saturated containing 1 to 3 carbon-to-carbon double bonds. Examples of such cychc esters 
' includethefollowingstructures^whereinthedimeracidcorrespondingtostmctureA^s 

formed by self reaction of linoleic acid, the dimer acid corresponding to stnacture B rs formed 
by reacting linoleic acid with oleic acid, and the dimer acid corresponding to structure C is 
formed by reacting linoleic acid with linolenic acid: 

CH2-CH2-CH2-CH2-CH2-C3i2-CH2-COOR 

T\.CH2-ai2-CH2-CH2-CH2-CH2-CH2^^^ 

^-Y^CH2-CH=CH2-(CH2)4-CH3 
CH2-(CH2)4-CH3 

(A); 

CH2-CH2-CH2-CH2-CH2-CH2-CH2-COOR 
J/^H2-CH2-CH2-CH2-CH2-CH2-CH2-C^^ 

^Y'^CH2-(CH2)6-CH3 
CH2-(CH2)4-CH3 



(B); 



and 

CH2-CH2-CH2-CH2-CH2-CH2-CH2-COOR 



CH2-CH=CH-(CH2)4-COOR 




^CH2-CH=CH-(CH2)4-CH3 
CH2-(CH2)4-CH3 (C); 
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Wherein each R. same or differert, in fonnulas (A). (B). and (Q is a C,-C« radical, 
preferably CrCs. more preferably Ce-C,.. straight chmn or brandied. saturated or 
LsahrratedcontainingltoScarbon-to-carbondoublebonds. KX-Bm is another sample 
of an unsaturated diester (dimerate ester) formed by the reaction of a predommanUy C3. 
dimer acid reacted with 2-emylhexyl alcohol. RX-13824 is an additional unsaturated drester 
(dimerate ester) formal by the reaction of a predominantly C3. dimer acid wth tndecyl 

alcohol. t T^r - 

A representative example of the triester (trimerate ester) of formula IV xs the 

following structure (D); 

RiOOC.CH.^a-CH.-CHa-CHa-CHa-CH^ CH.-CHa-CH.-CH.^H.^.^.-COOR^ 

ri^CH2-CH2-CH2-CH2-CH2-CH2-CH2-COOR3 

^ CH2-CH=CH-(CH2)4-CH3 
CH3-(CH2)4-CH2 c1;H2-(CH2)4-CH3 

P); 

wherein eachR^R^andR^sameor different. isaC3-C24radical.preferablyC3-C.s.m^^ 
preferably C,-C.s, straight chain, or branched, saturated or unsaturated contaimng 1 to 3 
carbon-to-carbon double bonds. 

A particularly uaeSd blendof long chain esters is formed from blends of mono. dm>er, 
™, trimer adds, fcr example, products having CAS#: 61788-89^. Esters prepared ftom 
such products are blends includmg. primarily, the above C« and C« dimerate and trmrerate 
esters (A). (B). (Q and (D). shown ir> the above structures, that is predominanUy (more than 
50% by weight) the C36 dimerate esters (A), (B) and (C). 

commercially available blends of useful polybasic adds that can be reacted w,th C3- 
C«. preferably C3-C,.. more preferably CC, alcohols, straight chain or branched. saUtrated 
or unsanrrated contaimng 1 .0 3 caAon-to^arbon double bonds .0 produce the *™«a.e and 
.rimeratee.ers.asblends.includethefonowing:EMPOI.-1010Dim«A«d^^ 

1014 Dimer Acid; EMPOL* 1016 Dimer Acid; EMPOL* 1018 Dtmer Acd; E^ffOL 1022 

Dimer Acid; EMPOL* 1024 Dimer Acid; EMPOL* 1040 Trimer Acid; EMPOL 1041 
Trimer Add; EMPOL»1052 Polybasic Acid; and similar PIUPOL™productsfc.mUmqe.m 

as weU as UNIDYME* products fiom Arizona Chemical. 

Particularly usefU long chain ester additives are made by reacHng any of the long 
chain mono, dimer and/or trimer adds with one or more straight chainor branched C-C.. 
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prrf^ably C,-C,s. more preferably Q-C. alcohols » produce the esters of fonnulas I. D. m 
and IV The above dhner. trtaier, ar.d polybasic acids are produced by dunermng, 
trtaerizing, and polymerizing (oligomerizing) long chain carboxylie acids ftom the above- 
ma.tioned fetty acids. The &tty acids may be mixtures. Accordingly, the dnner acd 
ponced by dimerizing a C,s carboxylie acid (typically, a mixture of stearic, oleic, hnolerc, 
and linolenie). after eaterification. mil result in ablend of numerous dimerate and tnmerate 
esters in accordance with fonnulas m and IV. including saturated and unsaturated esters (,.e., 
some long chato este,. may contain hydrocarbon chains having 1 to 6, generally 1 to 3, 
carbon-to-carbon double bonds). Any one, or any blend, of U» esters of formulas mm 
and/or IV when combined with an adhesive resin. wiU function to increase the adhesion of 
natural or synthetic rubber to metal or polymeric cord, metal or polymeric substrates, such as 
polymeric woven or non-woven fabrics, and metal flat stock matenals. 

The adhesion promoters include an adhesive resin, which preferably is a condensation 
product of a formaldehyde or methylene donor and a formaldehyde or methylene acceptor, 
either pr^condensed. or condensed in-sUu while in contact with the rubber. The term 
"methylene donor" is intended to mean a compound enable of reactmg with a methylene 
acceptor (such as resorcinol or its equivalent containing a reactive hydroxyl group) and 
generate the resin outside ofthe rubber composition, or Preferably, the components 

ofthe condensationproduet include amethylene acceptor and amethylene donor. Themost 
commonly employed methylene acceptor is a phenol, such as resorcinol. whUe the most 
commonlyemployedmethylenedonorisamelamine.suehasN-(subst.tuted 
oxymethyl)melamine. The effect achievedis resin formation during vuleamzahonof 

the rubber, creating a bond between the metal or polymeric cords and the rubber, irrespective 
of whether the cords have been pretreated with an additional adhesive, such as a styrene- 
butadienelatei.polyepoxideswitl.ablocl=edisocyanate, »d the like. TTie long chain ester 
addWvetesm combinations described herein are particularly usefirl widt steel cord, where 

adhesive pretreatment has bem largely ineffective. 

Examples ofmethylene donors which are suitable for use in the rubber composmons 

disclosed herein include melamme, hexamethylenetetramine, hexaethoxymethyhnelamme. 
hexamethoxymethybnelamme, lauryloxymethyl-pyridinium dfloride. ethoxy- 
methylpyridinium chloride, trioxan hexamethoxy-methyhnelamine. the hydroxy g«>ups of 
which may be esterifled or partly esterified. and polymers of formaldehyde, such as 
paraformaldehyde. In addition, the methylene donors may be N-subshtuted 
oxymethyhnelamines. of the general formula: 
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R3 



R4 CH2OX 





T 




R5' ^ 

me group con.is.ing of hyd^gen, an aUcyl having fto« 1 .0 8 ca*on aton« a«. 
"„p.CH.OXSpecir,c„e*,enedono.ino,nae,,exaici3(.e*^^^^^ 
NJ^.N-rtnemy1/Nja'.N".«lo.-me.an,ine; hexameftylolmeia^me; NJ^N - 
din,.*ylolmelan^c;N-n.eftyIol.,ne.annne;W-dime*ylo!n.el^^^^ 

!;.(n.lxymemy.)me,an^e;a„dN.K^-«ibn.yl-N^.I^'-«^^^ 
methylol derivatives of mdannnearepreparedbytaownmethods. 

The amonn. of n,efl.y.ene donor and n.e«.yl«>e acceptor, pre-condensed or condensed 
,„ „•« fta, are present in therubbercompositionmayvary. Typically, the amount of pre- 
: l.n.eJyienedonorandn.e.hy.eneacccptorispresentwil.r^^^^^^ 

Int 15 0%- or each can be added separately in an amount of about 0.1% to about 10.0 /.. 
Ta^^ or«.teishtof„a«.a,ar.d/or synthetic rubber inthecompoaition. ^^^^ 
all^ofeachoTamethylene donor andmemylene acceptor addedfbr<«.^«.oon^^ 

ir^about2.0y.toahout.0V.basedonthe weight of natur. and/or syn^^c^^ 
JecomposiUon. weight raUoofmethylen. donor to the meU^ylene accept -y 
vary. Generally apealdng. theweightratio«i.l range ftom about 1:10 .0 about .0.1. 
I>referably,theweightratiotangesftomaboutl:3to3:l. 

Re«,nnnol.ftee vulcanizable rubber compositions also are useful m the „bb« 
.mpositionsdescribedherei. example, resorcinol-ftee adhesive r.i»^d~ 
compounasuseMintheadbesionprom„tcrsy«emsO-...whenc«nb.»^-«^^^ 
esters de^ribed herein) include those described in VS. PatentNos. .891.938 ^5^98,539. 
both hereby incon=ora.ed by reference. The '938 patent discloses vnlcamzable rubber 

* o7tio» conl^ng an uncured rubber and a self-cond^^^^ 
Zghighimino and/or me.hy.o,f^ctiona.ity.U.S.Paten.No.5.m«9*sc^™bber 

^aitive. Which are substituted derivativesbasedoncycUcnitrog^rcompoun^^^^ 

melamine, acetoguanamine. cyclohexylguanamine, beozoguanamme. and armrlar alkyU aryl 
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or aralkyl substituted melamines, glycoluril and oligomers of these compounds. In particular, 
the adhesive resins and adhesive compounds which are useful as the adhesive resins in the 
rubber compositions described herein include the following: adhesive resins selected &om 
the group consisting of derivatives of melamine, acetoguanamine, benzoguanamine. 
cyclohexylguanamine and glycoluril monomers and oligomers of these monomers, which 
have been substituted on average at two or more positions on the monomer or on each umt of 
the oligomer with vinyl temiinated radicals, the vulcanizable rubber composition being free 
of resorcinoU and. these derivatives which have been further substituted on average at one or 
more positions with a radical which comprises carbamyhnetiiyl or amidomethyl. 

Further, the adhesive resin can be any of tiie compounds of the following formulas: 



f , 



L 



R R 



T 
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Y 




R — y — R 



ft— R 



-\ r 

ft— ^N-R 
O _ 



P . 



and positional isomers thereof, j ii. 

wherein, in each monomer and in each polyn.erized unit of the oligomers. Y is selected from 

methyl, phenyl and cyclohexyl, and, on average. 

at least two R are -CH2-R , 

and any ranaining R are H. and 

at least 2 R' are radicals selected from: 

CH2=C(R^>— C(0) — O— . 

CH2=C(R'>-<^(0)— Z. 

CH2= C(R2)— C(0) — NH — , and 

CH2= C(R^)— CH2 — O— . 
wherein R^ is hydrogen or Ci-Cs alkyl, and Z is a radical selected from: 
__0— CH2— CH2— O— , 
— O— CHr— CH(CH3) 
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— O— CH2— CH2— CH2O-, and 
— O— CHCCzHs)— O— , and 
any remaining R' radicals are selected from 

— o— R^ 

— NH— C(0)— OR^ and 
— NH— C(0)— R*, and 
wherein R3 is hydrogen or R4, and 

R, is a Q-C,s alkyl. alicyclic. hydrx,xyalkyl, alkoxyalkyl or aromatic radical, and 

in the oligomers, 

P is 2 to about 10, and 

L is methylene or the radical 

Tl^ese adhesivelTp^ds Z^I^icularly usefol, wherein on average at least one R^ in each 
monomer or in each oligomerized unit is — NH— C(0)-OR , 
particularly the compounds of the foUowmg formulas: 




Particularly useful adhesive resins include the above formulas wherein on average, at 
least one R radical in each monomer or in each oligomerized unit is 

_CH2 — NH— C(0) —0K\ 
wherein R^ is a C.-C.s alkyl, alicyclic. hydroxyalkyl, alkoxyalkyl or aromatic radical, and 
wherein, on average, at least two R radicals are selected from 

CH2= C(CH3)— C(0)0-C3H6 — O-CH2— 

and 
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CH2= CHr- C(0)0-C2H4 — O— CH2— 

and at least one R radical is selected from 

_CH2— NH— C(0>— O— CH3, and 

— CH2— NH— C(0)— O— C3H7. 

These adhesive resins and compounds can include additional additives, particularly 
those selected from hydroxymethylated and alkoxymethylated (alkoxy having 1-5 carbon 
atoms) derivatives of meiamine. acetoguanamine. benzoguanamine, cyclohexylguanamme 
and glycoluril and their oligomers. 

Additional adhesive resins usefril in the rubber compositions described herem mclude 
self-condensing alkylated triazine resins selected from the group consisting of (i). (ii), and 

(i) a self-condensing alkylated triazine resin havmg at least one of immo or 
methylol fiinctionality and represented by the foraiula (I) 




CH20R^ 

CO 

(ii) an oligomer of (i), or 

(iii) a mixture of (i) and (ii), wherein 

Z is -N(R)(CH20R^), aryl having 6 to 10 carbon atoms, alkyl having 1 to 20 carbon 

atoms or an acetyl group, 

each R is independently hydrogen or -CH20RS and 

each is independently hydrogen or an alkyl group having 1 to 12 carbon atoms, 
provided that at least one R is hydrogen or .CH2OH and at least one R^ is selected 

from the alkyl group; and 

v^herein the vulcanizable rubber composition is substantially free of methylene 

acceptor coreactants. 

These adhesive resins are particularly useful wherein at least one R group is hydrogen 
and/or wherein at least one R^ group is a lower alkyl group having 1 to 6 carbon atoms, 
particularly where the adhesive resin is a derivative of meiamine, benzoguanamme. 
cyclohexylguanamine, or acetoguanamine, or an oligomer thereof. 
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one particularly usefUl "^"'"^ ""^ 

where... Z is -NCRXCHjOR'). 

A„o*er,nan„erofelimma.ingre^rcmolinanadhes.veresmforrubber 

con^sWon.a^useMherei.ism.bs«..edoxy.e.hy.)n.e,a„^eand^^^ 
„rp.n.ph«»..Th«adhcsivere^en.p.oys.hen.o„ohydricphe„ols.«.orp-m^^^^^ 
llylL accep«>r.in«,eresinfonni„.r.aetio. during— Uon» 

'"'"^heradhe.iveresinsuseMinmerubberco^podaousde.cribedhereini^^^^^^ 
.pecialLcessuchas,fo.exa.ple,avi„y..pyridine.atex(VPU«x)whiohiBacopo^^^^^ 

butadiene, abou. 15% s.yrene and abou. 15% a-vlnylpyridl^e; -y.on.m^™«- 

,,„„ Th«e can be used as Buoh or in combination 
latices; and styrene-butadiene rubber lances. These can be usea 

wift one another. Ano*ersui«eadhesive«sinuseMhereb,par..c«Wyfcrpolyeste^^ 

rZlchareappUedln.nultl.s.aseprocessea..orlnstan..bl^.«..^^^ 
appUed in combination withpolyepoxide^d .he material thenbcmstreatedusu^^omary 

^rcinol-fomialdehyderesinsCRFLdip). AddiUonal useM adhesive resins mclude 
rla.ionsofR^dipswid.o.heradhesion.promo.h.ssubst.cessuchas~^ 
action product of triallyl cyanurate. resorcmol and fonnaldehyde or p-chlorophenoU 

hereiuhicludepo.y.ethaneresins.epo.yresins.pheno.aldehyd.re^.P^^^ 
aldehyde resins, phenol fi^toa. resins, xylene aldehyde resms. u^ fc^aldehyde resms. 
melamine fonnaldehyde resins, aUcyd resins, polyester resms. and the hke. 

Tvoically in the adhesion promoter systems, at least one est«- compound m 
^ordI"~.a^^IVi-— .ithanadhesfveresininaweisht^^^ 

iri:par.sestertoaboutlpartadhesi,eresin0.e.,aratioofabon.lO^^^^^ 

respectively) and about 1 part ester to about 10 parts resm (i..., a ratio of about 1.10. to 
Xresplely,.M„repreferab.y.theestersarecombined.»i.hanad^e.ver^^^^^^^ 

wei^t rl between about 4 parts ester to about 1 part adhesive resm and about 1 part^^ 
:al4partsresi.Mostpreferably.theratioofestertoadhesiver.sin.sapproxmiate.y 

one to one in the adhesion promoter systems of the invention. 

The initial woric with the long chain esters involved testing the esters m mdus,^ 
„bber beltscontainingpolyester cords fcautomotivepowertrains^tems.^^ 
partofUreconstructionofautomotivebelUisthebondingoftherubbertopolyestercord. 
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Polyester cord is used to provide strength and longevity to the belts. The polymer of choice 
for automotive belts is ethylene/propylene/diene polymer (EPDM). Hus polymer is excellent 
for the end use, but one of its drawbacks is poor adhesion to many substrates, such as 
polyester cord. Rubber companies go to great lengths to insure the proper adhesion between 
the EPDM and the polyester cord. At present, they use a treated cord that has a resorcmol- 
formaldehyde resin coating, and the resin-coated cords are then dipped in an adhesive. The 
resin-treated, adhesive coated cord is then bonded to the EPDM during the curing process. 
This is a time-consuming and expensive method to achieve rubber-to-polyester cord 
adhesion. The adhesion promoter systems of the invention advantageously improve adhesion 

of polyester cord to EPDM. 

Other examples of substrates which are contemplated for use in the inventive 
compositions and methods include metal and polymeric layers, fihns, sheets, fibers, yams 
and/or fabrics, including textiles, polyesters.- and Aramid fibers. Metals for use m the 
invention include steel, brass-coated steel, brass, and copper. Adhesion to glass substrates 
can also be improved. Application of the adhesion promoters of the invention is particularly 
contemplated with steel cord, brass-coated steel cord, brass cord, polyester fiber cord. Aramid 
fiber cord, glass cord, fabric and flat metal surfaces, and the like. In the present application 
the temi polymeric "cord" or "cords" is intended to include remforcing elements used m 
rubber products mcluding fibers, continuous filaments, staple, tow. yams, fabnc and the hke, 
particularly cords for use in building the carcasses of tires such as tmck tires. 

The polymeric reinforcing element or cord comprises a plurality of substantially 
continuous fibers or monofilaments, including glass compositions, polyesters, polyamides 
and a nmnber of other materials, useful in making the fibers for the reinforcing element or 
cords for polymeric rubber compositions and products are well known in the art. One of the 
preferred glasses to use is a glass known as E glass and described in "Mechanics of 
Pneumatic Tires," Clark, National Bureau of Standards Monograph 122, U.S. Dept. of 
Commerce, issued November 1971. pages 241-243. 290 and 291, incorporated herein by 
reference. The number of filaments or fibers employed in the fiber remforcing element or 
cord can vary considerably depending on the ultimate use or service requirements. Likewise, 
the nun.ber of strands of fibers used to make a fiber reinforcing element or conJ can vary 
widely In general, the number of filaments in the fiber reinforcing element or cord for a 
passenger car tire can vary from about 500 to 3.000 and the nmnber of strands m the 
reinforcmg element can vary from 1 to 10. Preferably the number of strands is from 1 to 7 
and the total number of filaments about 2.000. A representative industry glass tire cord 

-18- 



BNSDOCID- <WO 0309S550A1_L> 



wo »3/«95550 



PCT/US03/14411 



known as G-75 (or G-75, 5/0) has 5 strands each with 408 glass filaments. Another 
representative cord known as G-15 has a single strand containing 2,040 glass filaments. 

The adhesive promoters of the invention can be used in numerous apphcations, 
including bonding the steel braid to the natural and/or synthetic rubber material of hoses and 
the metal housing of motor motints. 

The term "vulcanization" used herein means the introduction of three dimensional 
cross-linked structures between rubber molecules. Thus, thiuram vulcanization, peroxide 
vulcanization, quinoid vulcanization, resin vulcanization, metal salt vulcanization, metal 
oxide vulcanization, polyamine vulcanization, radiation vulcanization, 
hexamethylenetetramine vulcanization, urethane cross-linker vulcanization and the like are 
included in addition to sulfur vulcanization which is usual and most important. 

Rubbers usefiil in the compositions described herein can be natural rubbers (NR) 

and/or synthetic rubbers. 

Synthetic rubbers include homopolymers of conjugated diene compounds, such as 
isoprene, butadiene, chloroprene and the like, for example, polyisoprene rubber (IR), 
polybutadiene rubber (BR), polychloroprene rubber and the like; copolymers of the above 
described conjugated diene compounds with vinyl compounds, such as styrene, acrylonitiile, 
vinyl pyridine, acrylic acid, methacrylic acid, alkyl acrylates, alkyl methacrylates and the 
like, for example, styrene-butadiene copolymeric rubber (SBR), vinylpyridine-butadiene- 
styrene copolymeric rubber, acrylonitrile-butadiene copolymeric rubber, acrylic acid- 
butadiene copolymeric rubber, methacrylic acid-butadiene copolymeric rubber, methyl 
acrylate-butadiene copolymeric rubber, methyl methacrylate-butadiene copolymeric rubber, 
aciylonitrile-butadiene-styrene terpolymer, and the like; copolymers of olefins, such as 
ethylene, propylene, isobutylene and the like with dienes, for example isobutylene-isoprene 
copolymeric rubber (DR); copolymers of olefins with non-conjugated dienes (EPDM), for 
example, ethylene-propylene-cyclopentadiene terpolymer, ethylene-propylene-5-ethylidene- 
2-norbomene terpolymer and ethylene-propylene- 1,4-hexadiene terpolymer; polyalkenamer 
obtained by ring opening polymerization of cycloolefins, for example, polypentenamer; 
rubbers obtained by ring opening polymerization of oxirane ring, for example, 
polyepichlorohydrin rubber and polypropylene oxide rubber which can be vulcanized with 
sulfiir, sihcone rubbers, and the like. Furthermore, haUdes of the above-described various 
rubbers, for example, chlorinated isobutylene-isoprene copolymeric rubber (CI-IIR), 
brominated isobutylene-isoprene copolymeric rubber (Br-IIR), fluorinated polyethylene, and 
the like are included. 
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Particularly, the compositions described herein are characterized in that the surfaces 
of the vulcanized rubbers of natural rubber (NR). and synthetic rubbers, e.g. styrene- 
butadiene copolymeric rubber (SBR), polybutadiene rubber (BR), polyisoprene rubber (IR). 
isobutylene-isoprene, copolymeric rubber, halides of these rubbers (CI-IIR, Br-IIR) and 
copolymers (EPDM) of olefins with non-conjugated dienes, which are poor m the adhermg 
abiUty are improved to provide them a high adhering ability. Of course, the present 
invention can be applied to the other rubbers. All these rubbers may be kneaded with 
compom^ding agents conventionally used for compounding with rubber, for example, fillers, 
such as carbon black, silica, calcium carbonate, lignin and the like, softening agents, such as 
mineral oils, vegetable oils, prior to the vulcanization and then vulcanized. 

The vulcanized rubbers, the surface of which has been treated with the adhesion 
promoter systems described herein can be easily adhered to the other materials, together wrth 
an adhesive resin, particularly metals and polymers, particularly in cord form. 

m order to cure a rubber composition a vulcanizing agent such as a sulfur or peroxide 
vulcanizing agent is dispersed throughout the composition. The vulcanizing agent may be 
used in an amount ranging from 0.5 to 6.0%, based on the weight of the natural and/or 
synthetic rubbers in the composition, with a range of from 1 .0 to 4.0% being preferred. 
Representative examples of sulfiir vulcanizing agents include elemental sulfur (Ss), an amme 
disulfide, polymeric polysulfide and suUur olefin adducts. Preferably, the sulfur vulcamzmg 

agent is elemental sulfur. 

Other suitable vulcanizing agents include thiuram, quinoid, metal salt, metal oxide, 
polyamine, vulcanization, radiation, hexamethylenetetramine, urethane cross-lmker, and the 
like. Typical examples of peroxide vulcanizing agents include dibenzoyl peroxide and 
di(tertiary-butyl)peroxide. 

The commonly employed carbon blacks used in conventional rubber compoundmg 
applications can be used as- the carbon black in this invention. Representative examples of 
such carbon blacks includeN110,N121.N220.Ni31,N234,N242,N293.N299,S315, 

N326 N330, M332, N339, N343. N347, N351, N358 and N375. 

The rubber compositions described herein are compounded by methods generally 
known in the rubber compounding art, such as mixing the various sulfiir-vulcanizable or 
peroxide-vulcanizable constituent rubbers with various commonly used additive matenals 
such as, for example, sulfiir donors, curing aids, such as activators and retarders and 
processing additives, such as oils, resins including tackifying resins and plasticizers. fillers, 
pigments, fatty acid, zinc oxide, waxes, antioxidants and antiozonants. retarders and peptizing 
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agents. As knov^n to those skilled in the art, the additives mentioned above are selected and 
commonly used in conventional amounts for tire tread applications. Typical amount of 
adhesive resins, comprise about 0.2 to about 10%, based on the weight of natural and/or 
synthetic rubbers, usually about 1 to 5%. 

Typical .amounts of zinc oxide comprise about 2 to about 5%. Typical amounts of 
waxes comprise about 1 to about 5% based on the weight of natural and/or synthetic rubbers. 
Often microcrystalline waxes are used. Typical amounts of retarders range from 0.05 to 2%. 
Typical amounts of peptizers comprise about 0.1 to 1%. Typical peptizers maybe, for 
example, pentachlorothiophenol and dibenzamidodiphenyl disulfide. All additive 
percentages are based on the weight of natural and/or synthetic rubbers. 

Accelerators may be used to control the time and/or temperature required for 
vulcanization and to improve the properties of the vulcanizate. The accelerator(s) may be 
used in total amomits ranging from about 0.5 to about 4%. preferably about 0.8 to about 
1.50/0, based on the weight of natural and/or synthetic mbbers. Suitable types of accelerators 
that may be used are amines, disulfides, guanidines, thioureas, thiazoles, thiurams, 
sulfenamides, dithiocarbamates and xanthates. If included in the rubber composition, the 
primary accelerator preferably is a sulfenamide. If a second accelerator is used, the 
secondary accelerator is preferably a guanidine, dithiocarbamate or thiuram compound. 

When the adhesion promoter systems containing a long chain ester and an adhesive 
resin are used as a wire coat or bead coat, e.g., for use in a tire, the adhesion promoter system 
typically does not include an organo-cobalt compomid, and may be used in whole or as a 
partial replacement for an organo-cobalt compound which serves as a wire adhesion 
promoter. When used in part, any of the organo-cobalt compounds known in the art to 
promote the adhesion of rubber to metal also may be included. Thus, suitable organo-cobalt 
compounds which may be employed, in combination with the non-cobalt adhesion promoter 
systems containing long chain esters described herein, include cobalt salts of fatty acids such 
as stearic, palmitic, oleic, linoleic and the like; cobalt salts of aliphatic or alicyclic carboxyUc 
acids having from 6 to 30 carbon atoms; cobalt chloride, cobalt naphthenate; cobalt 
carboxylate and an organo-cobalt-boron complex commercially available under the 
designation Comend A from Shepherd Chemical Company, Cincinnati. Ohio. 
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Comend A is believed to have the structure: 

O 




wherein each R, same or different, is an alkyl group having from 9 to 12 carbon atoms, and B 
is a hydrocarbon chain, C4-C24, straight chain or branched, saturated or unsaturated. 

Amounts of organo-cobalt compound which may be employed depend upon tiie 
specific nature of the organo-cobalt compound selected, particularly the amount of cobalt 
metal present in the compound. Since the amount of cobalt metal varies considerably in 
organo-cobalt compounds which are suitable for use, it is most appropriate and convenient to 
base the amount of the organo-cobalt compoomd utilized on the amount of cobalt metal 
desired in the finished composition. Accordingly, it may in general be stated that if an 
organo-cobalt compound is included in the rubber composition, the amount of organo-cobalt 
compound present in the stock composition should be sufficient to provide from about 0.01 
percent to about 0.35 percent by weight of cobalt metal based upon total weight of the rubber 
in the composition, with the preferred amounts being from about 0.03 percent to about 0.2 
percent by weight of cobaU metal based on the total weight of rubber in the composition. 

The adhesion promoters described herein are especially effective in compositions in 
which the rubber is cis-polyisoprene, either natural or synthetic, and in blends containing at 
least 25% by weight of cis-polyisoprene with other rubbers. Preferably the rubber, if a blend, 
contains at least 40% and more preferably at least 60% by weight of cis-polyisoprene. 
Examples of other rubbers which may be blended with cis-polyisoprene include poly-1,3- 
butadiene, copolymers of 1,3-butadiene with other monomers, for example styrene, 
acrylonitrile, isobutylene and methyl methacrylate, ethylene/propylene/diene terpolymers, 
and halogen-containing rubbers such as chlorobutyl, bromobutyl and chloroprene rubbers. 

The amount of sulphur in the composition is typically from 2 to 8 parts, for example 
from 3 to 6, by weight per 1 00 parts by weight of rubber, but lesser or larger amounts, for 
example from 1 to 7 or 8 parts on the same basis, maybe employed. A prefen-ed range is 
from 2.5 to 6 parts per 100 parts by weight of rubber. 

Additional examples of vulcanization accelerators which can be used in the rubber 
compositions described herein are the thiazole-based accelerators, for example 2- 
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„ercap.obenzothiazolc.bis(2-benzothiazolyl)dis»lphide,2(2%4-.dW^ 

«,„)b«^o.h:azo.e.be„zo«azo.e-2-sulphe„an,iaesfor,„s.^cN«^^^ 

sulph«>amide.N-ter.-bu.yl-be=zoUua.ole-2-.ulphe„amMe.N-cy^^^^^ 

^phcnamide. and 2(mcrpholinoflrio)be„.o.hiazole, and .hiocaAamylsuIphenanudes. for 

example NJ^Kiimethyl-N'JJ--dicyclohexylthiocatbamoyl-sulphenamide and 

„bolino*iooa*onymo)-mon,holme. Asingle aoceleratcx or a ndxmre of accelerator, 

„,ay be used. In U.e compositions de«ibed herein, ^ vulcanization a^el«..ors are 
Jally used in »>oun« of from 0.3 .0 2, for exan^le fiom 03 to 1.5. preferably from^^^^ 
,Oandn,orepreferablyfiom0.5to0.8.par.s by weigh. perlOOpar^bx^ergh. of rubber. 

The adhesion promoters described herein are very effective in promotmg bondmg 
„rubberandbrass.forexamp.cti,ebondingbe^veenrubberandbrass^s.^ 
Thebrass«picallyhasacoppercontentoffrom60to70%byweigh.moreespecdlyirom 

63to68%by weight. w,U.fl.e optima, percentage depending onti-eparticutorcondrhons. 
™aerwhich*cbond is formed. Thebrass coating onbrass-coated steel c^rhaveathtctatess 

ot for example, fiom 0.05 to 1 mic^eter. preferably ftom 0.07 to 0.7 micrometer, for 
example ftom 0.15 to 0.4 micrometer. 

TTre long chain ester additivete.m combinations iLe.. adhesion promoter systems) 
aescribedhereinareparticularlyusefiUtoadhererubbertosteelcordwherccon^^^^ 
adhesive pretreatmenthasbeenlar^etyineffective. Rubber can also bebondedeffecuvelyto 

roysofLperandzincc„ntaini„gsmallamcuntsofone„rmoreothermetals.forexample 

cobalt, nickel or iron. .^^^i 
For bonding mbber to zinc, as for example in bonding rubb« to zmcH=oated steel 
eords (which are widely used in the manufacture of conveyor belting) cobalt compounds have 
m.adhesionpromoters. Examples of suchcompoundsarecobaUnaphtirenato and 

the cobalt-boron complexes described in GB 2 022 089 A. „ . . „,« ^ 

Vulcanization of tire mbber composition described herein is generally earned out at 
conv«>tion.l.empen«uresrangingftomabou,100«C.to200»C.Preferably.the 

:L^onis conducted a..emperaturesrangUrg^mabou.n0=C.to.80»C. Anyo ne 
„suaIvulcanizatio„proc.=^csmaybeusedsuch.sheatinginap.essormold.heaUngw.th 

superheated steam or hot air or in a salt bath. fi„„,no°C 

Upon vulcanization of me rubber composition a. a temperatitre rangmg torn 100 C. 

to200=C.,merubbercompositioncanbeusedforvariouspu.poses. For example. fl» 

V ■ .u f„™,nf a tire belt hose, motor mounts, gaskets 
vulcanizedrabbercompositionmaybemthefomiofatire,belt.no 

and air springs, m the case ofatire.it can be used for various tire components. Suchtires 
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can 



be built, shaped, molded and cured by various methods which are known and wiU be 
readily apparent to those having skill in such art. When the rubber composition is used in a 
tire, its use may be in a wire coat, bead coat, tread, apex, sidewall and combination thereof. 
As can be appreciated, the tire may be a passenger tire, aircraft tire, truck tire, and the like. 
Preferably, the tire is a passenger tire. The tire may also be a radial or bias, with a radial tire 
being preferred. 

The invention may be better understood by reference to the following examples in 
which parts and percentages are by weight unless otherwise indicated. 

In Part I of this project, compounds were nuxed into existing EPDM recipes and 
tested for adhesion. The following varieties were tested: 



Variable 


Example 1 


Example 2 


Example 3 


Example 4 


Example 5 




Cyrez® 

CRA- 

133M 


Cyrez® 

CRA- 

148M 


Control- 
Current 
EPDM 
Formula 


Cyrez® 
CRA- 
133M/ 
RX-13804 


Cyrez® 
CRA- 
148M/ 
RX-13804 



Cyrez® CRA-148M - Melamine-formaldehyde resin with 27% calcium silicate 
RX-13804 = Di-2-ethylhexyl dimerate (EMPOL 1016 dimer acid esterified with 2-ethylhexyl 
alcohol, containing predominantly C36 dimer acids and C54 trimer acids, containing both 
saturated and unsaturated long chain (Cg-Cis) radicals with 0. 1, 2, and/or 3 carbon-tb-carbon 
double bonds. 

The melamine-formaldehyde resins are known as adhesion promoters in the tire 
industry. The need for rubber-to-cord adhesion generally requires the presence of a 
methylene donor/methylene acceptor resin system, as described above. The typical system 
consists of hexakismethoxymethybnelamine (HMMM) as the donor and a Novolak resin 
(such as resorcinol) as the acceptor. 
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Results 

The table below shows adhesion results with polyester cord in Examples 1-5. 





Adhesion-lbs-force 


Compound Variable 


Room Temperature 


257'»C 


Example 1: 
(Cyrez® CRA-133M) 


23.48 


2.91 


Example 2: 
(Cyrez® CRA-148M) 


21.57 


3.58 


Example 3: 
(Control) 


22.21 


4.88 


Example 4: 
(Cyrez® CRA-133M / 
RX-13804) 


48.76 


10.21 


Example 5: 
(Cyrez® CI^-148M / 
RX-13804) 


47.70 


14.21 



The control (Example 3) was EPDM with the polyester cord pretreated with a 
melamine formaldehyde resin and an adhesive from Lord Corporation (Cary, North 
CaioUna). The polyester cord used in Examples 1, 2, 4, and 5 were treated with melamine 
formaldehyde resin but not witii an adhesive. Examples 1 and 2 contain just the melamine 
resin and provide basically equal adhesion to the control compound, which is significant 
since the cords used were not coated with adhesive. Examples 4 and 5 contain a combination 
of resin and the esters described herein, and show an unexpected increase in adhesion. The 
adhesive forces for Examples 4 and 5 are increased at least 100% compared to the control and 

resin only Examples (1-3). 

These results indicate that the resin/ester combination provides a dramatic increase in 
adhesive force between EPDM and polyester cord compared to the control compound and the 
compounds containing only resin. 

The fonnulation and data collected for Examples 1-5 are shown in Table I: 
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Nordel IP3720 (EPDM) 
N762 Carbon Black 
Kadox 930 Zinc Oxide 
Ricon 150 
SR350 

Cyrez® CRA-133M 
Cyrez®CRA-148M 
RX-13804 . 
Subtotal 

TVfTi .T. ADDITION 
Vulcup 40KE 
Total 



Example 1 

100.00 
56.00 
5.00 
5.00 
4.00 
7.00 



177.00 

7.00 
184.00 



TABLET 

Example 2 Example 3 Example 4 



7.00 
177.00 



170.00 



7.00 

10.00 
187.00 



184.00 



177.00 



194.00 



Example 5 



7.00 
10.00 
187.00 



194.00 
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Adhesion Promoter 
PART II 

Based on Part I results which show improved adhesion of EPDM rubber to polyester 
cord, the resin/ester combination was evaluated in a standard natural rubber compound used 
for metal cord adhesion. 

The compounds tested in this study were varied in ester content, with resin content 
kept constant The following Table n lists the adhesion results for original, air oven aging, 
and humidity aging, in Examples 6-12, with parts by weight of resin and ester set forth in 
parentheses. 
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H 



MM 

o 


Example 12 


CM O 

\o o 


S3 »^ S 
2 


Cyrez® CRA- 

148M(8)/SM 

RX43804(2) 


Example 11 


167.4 
99 


2 « ^ 


Cyrez® CRA- 

148M(8)/SM 

RX«13804(4) 


Example 10 


138.6 
100 


g a ^ 


Cyrez® CRA- 

148M(8)/SM 

RX-13804(6) 


Example 9 


162.6 
100 




Cyrez® CRA- 

148M(8)/SM 

RX-13804(8) 


Example 8 


162.7 
100 


^ OO 

OO OS *0 


Cyrez® CRA- 
148M 


Example 7 




C S 5? 


Standard 

Resorcinol 

(3.85)/melaniine 

formaldehyde 

(4.23) 


1 


176.2 
100 


105.6 
99 
-40 


Recipe Variable 




1^ Is- 2^ S 
II -^2 IJ { 


® ^. 

CO £^ 

^ £| or ^ ^ 

/^W)U .A S « 

; jb -aa J s ? S s 
5:5-<a S« < u (». 
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The original wire cord adhesion results show the standard formulation to have sUghtly 
higher adhesion than formulations containing resin/ester combinations. The formulations 
containing resin/ester combinations are all very similar except for the resin/ester combination 
of 8/4. At this time, the reason why this formulation has poorer original adhesion is not 
known. 

The humidity aging results are interesting in that Examples 9, 11 and 12 have the 
highest force levels and lowest percent change from the original. Example 12 has a 50% 
increase in curing agent amomit to ofifeet the addition of ester to the compound. This" 
formulation had the highest force reconied and the least change from the original adhesion. 
This suggests that an increase in the amount of curing agent can, along with the resin/ester 
combination, improve aged adhesion. All the resin/ester compounds except for Example 8 
(resin 8/ester 8) exhibited lower changes in recorded force than the standard compound. 

The formulation for Examples 6-12 are shown in Table m. 
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o 

u 



■4^ 


Example 12 


7.6 
1105 

1>l Q 

20.1 

2915 
285 

79 

1.203 


Cyrez® CRA- 

148M(8)/SM 

RX-13804(2) 


Example 1 1 


5.8 

845 
12.1 

18.6 

20.7 

3010 
335 

77 




Example 10 


5.0 

730 
10.8 

16.9 

21.2 

3080 
380 

76 

AVERAGE 


Cyrez® CRA- 

148M(8)/SM 

RX.13804(6) 


, Example 9 


5.1 

740 
10.9 

17.1 

20.6 

2990 
370 

75 

AVERAGE 


Cyrez® CRA- 

148M(8)/SM 

RX43804(8) 


Example 8 


3.9 

565 
8.8 

14.8 

21.5 

3116 
415 

72 

AVERAGE 


Cyrez® CRA- 
148M 


Examole 7 


5.9 

12.4 

19.2 

20.9 

3025 
330 

78 

1.204 


PennacoUte 
(3.85)/ 

Resimene (4.23) 


VC 

j 


7.0 

1010 
14.8 

20.4 

2960 
275 

79 

AVERAGE 


Major Variable 




Original Physical 
Properties 

Stress @ 100% 
Elongation, MPa 

psi 

Stress @ 200% 
Elongation, MPa 

Stress® 300% 
Elongation, MPa 

Tensile Ultimate, 
MPa 

psi 

Elongation @ 
Break, % 

Hardness Duro 
A,pts. 

Specific Gravity 



I 

so 

CO 
I 
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The use of the resfa/«ter combination in a sulto-omed natural rtbber fonnnlation 
can improve wire cord adhesion after heat aging and humidity aging as compared to . 
standard natural rubber formulation. 

In order to verify that the increased cure system of Example 12 was not soldy 
responsiblefortheincreaaedadhesionperformanceofExampleRanadditional 
formulation. Example 13. was tested, m only difference between Examp.es6 andl3 tstW 
Example 13 has a 50% increase in the amount of cure system additives (Sulto and Vulkactt). 
Table IV provides comparative data which demonstrates that increasing the cure system of 
the "control co.pound"(,-...thep.iorartformuUtionofExample6) by 50% does not lead to 

an increased adhesiveeffectAcco.dmgly.these data conamthattheincr.aseinadhes.on 
observed in Example 12 cannot solely be attributed to the increased amount of cure system 
additives, i.e.. the increased adhesion is due to the adhesion promoter. 
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TABLE IV 



Recipe Variable 



SMR-L 

N326 

Kadox 930 

Cobalt Napthenate 

Stearic Acid ' 

Santoflex 13 

PVI 

Pennacolite (3.85)/ 
Resimene (4.23) 

Cyrez® CRA-148M 
SMRX-13804 



Pennacolite (3.85)/ 
Resimene (4.23)/ 
Sulfur (8.4)/ 
Vulkadt (0.75) 

Example 13 

100 

60 

.10 

2 
1.20 
1.00 
0.20 

8.08 



Pennacolite (3.85)/ 
Resimene (4.23) 
"Control" 



Example 6 



8.08 



Cyrez® CRA- 
148M(8)/SMRX- 
13804(6)/ Sulfur (8.4)/ 
Vulkacit (0.75) 

Example 12 



8.00 
6.00 



Subtotal 

MUl Addition 

Sulfur 
Vulkacit 

Total 



182.48 



8.40 
0.75 

191.63 



182.48 



5.60 
0.50 

188.58 



188.40 



8.40 
0.75 

197.55 
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TATtTffTVfCONT.^ 



Major Variable 



Processing Properties 



Pennacolite (3.85)/ 
Resimene (4.23)/ 
Sulfur (8.4)/ 
Vulkadt (0.75)' 



Pennacolite (3.85)/ 
Resimene (4.23) 
"Control" 




Viscosity and Curing 

Properties 

Mooney Viscosity at 1€9>C 
(SSS'F) 

Minimum Viscosity 

t5, minutes 
tlO, minutes 
t35. minutes 



Osculating Disc Bheometer at 
leS'C (335°F) 

Ml 
Mh 

t,2, minutes 
t'c(90), minutes 
1.25*t'c(90), mins. 
Cure Rate Index 

Vulcanizate Properties 

Original Physical Properties 

Stress @ 100% Elongation, MPa 
psi 

Stress @ 200% Elongation, MPa 
Stress @ 300% Elongation, MPa 
Tensile Ultimate, MPa 
psi 

Elongation @ Break, % 
I Hardness Dure A, pts. 
Specifite Gravity 

Adhesion to Steel Cord 



Original Properties: 

Max. Force, lbs. (avg.) 

Setl 
Set 2 
Set 3 
Average 

Coverage, % , 



69.3 

1.3 
1.6 
2.3 



17 
100.5 
1.4 
6.7 
8.3 
19.1 



8.1 
1170 
15.7 

18.4 
2665 

240 

82 
1.201 



90.1 
78.4 
82.4 
83.6 
90 



77.2 

1.2 
1.3 
1.9 



20 
101.1 
1.5 
9.6 
12 
12.4 



6.5 
945 
13.7 

20.1 
2920 
300 
80 
1.199 



104.4 
99.3 
101.1 
101.6 
90 



Cyrez® CRA- 
148M(8)/SMRX- 
13804(6)/ 
Sulfur (8.4)/ 
Vulkacit (0.75) 



66.4 

13 
1.6 
2.2 



173 
88.4 
1.7- 
5;9 
7.4 
23.5 



5.9 
850 
11.5 
16.9 
18.7 
2710 
330 
80 
1.204 



803 
80.6 
1033 
88.1 
90 
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AHhf><!inii Promoter 
Part in 

Next natural rubber-to-metal bonding was evaluated to determine the effect of added 
ester(s). as described herein. This presents a large potential for automotive parts, such as 
motor mounts, brakes, hoses, and the like. 

The first study focused on long chain esters in natural rubber and their effect on 
adhesion to metal(seeTableV-Examplesl4.17).Tl.edatamdicate that the adhe«^^ 
promotersdescribedhereinimproveadhesiontobrassinasulfur-curedrubberformulat^^^ 

The use of the resin/ester combination did not improve adhesion versus compounds wrth ester 
only. 

TABLE V 

Example 14 Example 15 Example 16 Example 17 



SMR-L 


100.00 






► 


Kadox 930 


5.00 






^ — ► 


Stearic Acid 


2.00 






— ► 


N330 


35.00 








Cyrez® CRA- 
148M 


6.95 




6.95 




RX-13804 


6.95 


5.00 


6.95 




Subtotal 


155.90 


147.00 


155.90 


142.00 


Mill Addition 










Sulfur 


2.25 








Santocure TBSI 


0.70 






__ — 1 


DiCup 40KE 




5.00 






Total 


158.85 


152.00 


160.90 


147.00 
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Major Variable 



RX.13804/Cyrez® 
C RA-148M 

Example 14 



TAmF.VfCONT,) 

RX-13804 



Examplel5_ 



Viscosity and Curing 
Properties 






Mooney Viscosity at 
335*'F(168^C) 






Miniraum Viscosity 


47.5 


46.5 


t5, minutes 

tlb, minutes 

t35, minutes ^ 


2 

2.3 

3 1 


1.1 
1.3 
1.7 


OsciUating Disc 
Rheometer at 
335^¥ (168^Q 






Ml 
Mh 

ts2, minutes 
f c(90), minutes 
j 1.25*t'c(90), minutes 
riire Rate Index 


13.4 
41.9 
1.8 
7.2 
9 

J 18.7 


19 4 

67 
1.3 
13.6 
17 
8.1 


Original Physical 
Properties 






Stress @ 100% 
1 Elongation, MPa 


2.0 


4.0 



RX-13804/Cyre2® 
C RA-148M 

Example 16 



62 



56 



Stress @ 200% 
Elongation, MPa 

Stress @ 300% 
Elongation, MPa 

Tensile Ultimate MPa 



Break, % 
Hardness DuroA,pts. 
Specific Gravity 



10.6 
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TABT.EVfCONT.) 




Major Variable 



Metal Adhesion- 
ASTMD429 

Brass 

Adhesion Force, 
Vbffm. wida 

Failure Type 

% Failure 
AIumiDum 

Adhesion Force, 
Ibf'in. widtii 

Failure Type 

% Failure 
Steel 

Adhesion Force, 
Ibfi'in. widA 

Failure!^ ; 

% Failure 



RX-13804/Cyre2® 
CRA-148M 



Sulfur 

82.58 

R 
100 



R 
100 



R 

100 



RX-13804 



Peroxide 



1.69 

R 
100 



R 

100 



R 
100 



RX-13804/Cyrez® 
CRA-148M 



Peroxide 



R 
100 



R 
100 



R 
100 



Control 



Pooxide 



R 
100 



R 
100 



R 
100 



R = rubber failure, RC = rubber-cement failure, CP - cement-primer feilure, 
M = primer-metal failure • 
Conqiounds 2, 3 and 4 blciomed. 

Table VI provides data wherein a sulfur cure system was used in formulations 
containing resin only (Example 1 8). a resin combined with a long chain ester of the 

disclosure (Example 20), and a control containing no resin and no ester (Example 19). From 
these data, it can be seen that the adhesion promoter system including a long chain ester and 
an adhesive resin performs best, and gives superior a«3hesive results when compared with the 
control formulation and the formulation containing the resin, but not including an ester of the 



disclosure. 
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TABLE VI 



Recipe Variable Cyrez® CRA Resin 

148M 



SMR-L 

Kadox 930 
Stearic Acid 
N330 

Cyrez® Resin 148M 
RX-13804 

Subtotal 

MiU Addition 

Sulfur 

Santocure TBSI 
Total 



Example 18 

100 
5.00 
2.00 
35.00 
7.00 



149.00 

2.25 
0.70 

151.95 



"Contror 



Example 19 



142.00 

2.25 
0.70 

144.95 



Cyrez® CRA 
Resin 148M/ 
RX 13804 

Example 20 



7.00 
7.00 

156.00 



2.25. 
0.70 

158.95 
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^AmirVTfCONT>) 




Hardness Duro A, pts. 
Specific Gravity 
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TABLE VI (CONT>) 



Recipe Variable 


Cyrez® CRA Resin 
148M 


"Control" 


Cyrez® CRA Resin 
148M/RX-13804 




Example 18 


Example 19 


Example 20 


Metal Adhesion - 








Brass 








/VQiicoion rorccy 
VoBia. widfli 


118.2 


46.3 


138.9 


Jr allure lype 




R 


R,RM 






100 


95.5 


Aluminum 








Adhesion Force, 
Ib^in. lAddfli 


Fail 
Foil 


Fail 


Fail 


Jrailiu^e lype 


ixlYL 


RM 


KM 




mo 


100 


100 


steel 








Adhesion Force, 
lb£^in. widlh 


Fail 


Fail 


FaU 


Failure Type 


RM 


RM 


RM 


% Failure 


100 


100 


100 



R « rubber failure, RC nibber-cement failure, CP = cement-primer firil^ 
M primer-m^ failure, RM = rubber metal failure 

Next, the effect of the long chain esters described herein was evaluated in an 
EPDM rubber formulation for rubber to metal bonding. The cure system was also evaluated 
to determine the effect of peroxide versus a sulfur system. The sulfur formulations did not 
work, thus these formulations were discarded. The peroxide cured formulations were varied 
by using the ester alone and the resin/ester combination. The data below in Table Vn 
(Examples 21-23), lists adhesion results for brass, alxraiinum and steel cord in EPDM. 
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TABLE Vn 







Malor Variable 


RX-13804 


RX-13804/Cyrez® 
CRA-148M 1 


Control 




Example 21 


Example 22 


Example 23 | 


Brass 








Adhesion Force, 


1^0 


52.43 


— 1 


LDi/in. wiQin 








Failure Type 


R 


R 


R 1 


%Faaure 


100 


100 


100 


Aluminum 


■ • 






Adhesion Forfce, 


— 




- 


1Dj/U1* Wlllui 








Failure Type 


R 


R 


R . 


% Failure 


100 


100 


100 


Steel 








Adhesion Force, 


16.82 


19.97 




lbf7in. width 








Failure Type 


R 


R 






100 


100 


_10D 1 


% Failure 





R - rubber faflme. RC = rubber-ceinent failure, CP = cement-priiner fi^ 
M = piimer-nietal feihue 

He foimulation contaimng fte radn/ester has signiflcanfly greater adhesion to brass 
than the formulation mih just ester, and the control The steel adhesion results show that the 



formulation 



With ester does provide some adhesion, but the resin/ester combination is 
mi^pectedlybetter. The control formulation has no adhesion to steel. Noneofthe 

formulations has adhesion to aluminum. 

The recipe/formulation data for Examples 21-23 is shown in Table Vffl: 
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Nordel IP 3720 

N762 

Kadox 930 

Ricon 150 

SR350 

RX-13804 

Cyrez® Resin 148M 

Subtotal 

MiU Addition 

VulCup 40KE 



TABLE VIII 
Example 21 Example 22 



100 
56 
5.00 
5.00 

4,00 
10.00 

180.00 
7.00 



7.00 
10.00 

187.00 



Example 23 



170.00 



Total 



187.00 



194.00 



177.00 
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TART.E VIII fCONT.) 



Major Variable 


RX-13804 


RX-13804/Cyrez® 
CRA-148M 


Control 




Example 21 


Example 22 


Example 23 




Peroxide Cure 


Viscosity and Curing 
Properties 








Mooney Viscosity at 
168«C (33S*»F) 








Minimum Viscosity 


23.9 


29.6 


33:6 


t5, minutes 
tlO, minutes 
t35, minutes 


9.5 
10.7 


11.2 
11.9 
15.8 


7.5 
7.9 
8.8 


Oscillating Disc 
Rheometer at 
168^C (335«^F) 








Ml 
Mh 

^2, minutes 
fc(90), minutes 
1 25*t'cC90'^. minutes 
Cure Rate Index 


6.6 
87.1 
0.92 
6.5 
8.1 
17.9 


12.2 
92.4 
0.92 
8.4 
10.5 
13.3 


9.2 
177 
0.83 
8.5 
10.6 
13 


Original Physical 
Properties 








Stress @ 100% 
Elongation^ MPa 


1 A 


6.5 


13.7 




198 


940 


1990 


Elongation, MPa 


11:2 


12 




Stress @ 300% 
Elongation, MPa 








Tensile Ultimate MPa 


12.2 


13.0 


19.7 


psi 


1770 


1890 


2860 


Elongation @ 
Break, % 


200 


210 


135 


Hardness Duro A, pts. 


80 


83 


86 


Specific Gravity 


1.099887 


1.122098 


1.114178 



Table IX provides comparative data that supplemrats the data presented in Table 
Vin. Example 24, contains resin, but does not contain any of the long chain esters disclosed 
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hereto. As oan be seen from the d«a of Table K, Example 24 did not promote adhesion 
between EPDM and metal substrates. 

Table DC also contains fonnulations wherdn the ester was varied. A saturated ester, 
UBS 020602, m accordance with the disclosure, was used to formulate Exan^les 25 and 26. 
In Ex«nple 25. the saturated ester additive was not combined with an adhesive n=sm as 
described herd* and faUed to promote adherfon between EPDM and the metal substrates. 

However.inBxample26. the saturated ester was combined with an adhesive resm. and 
excellent adhesion between metal substrates and EPDM, moreparticukrly between steel and 

EPDM, was obtained. 
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EPDM Rubber to Metal Bonding 

Additional esters were evaluated to detemune their effect on adhesion when 
combined with an adhesive resin. The esters evaluated were as follows: 

Plasthall DOS A saturated diester based on 2-ethylhexyl alcohol and sebacic 

acid. 

RX-13577 An unsaturated monoester based on tridecyl alcohol and tall oil 

fatty acid. 

RX 13824 Anunsaturateddimerateesterbasedontridecylalcoholanda 

C-36 dimer acid. This ester is similar to RX-13804, which uses 
the same dimer acid, but RX-13804 is reacted with 2- 
ethylhexyl alcohol (di-2-ethylhexyl dimerate). 

The results mdicate that the compound with DOS/resin provides good adhesion to 
brass and steel. IlieRX-13577/resin compound has excellent adhesion to brass and steel, 

the force values for steel are greater than any of the other ester/resin combinations. Tbe data 

suggests that a greater degree of ester .nsaturation levels provides greater adhesion because 

RX-13577 does have more unsaturated sites by weight than RX-13804 or RX-13824. 
Another piece of data that helps support the above statement isthe steel adhesion datafor the 

ester only compounds. The RX.13577 compound had the only measurable adhesion while 
DOS and RX-13824 had no adhesion values. 

The data is set forth in Table X, Examples 27-34: 



BNSOOCID- <WO__03096550A1J_> 



-54- 



wo «3/«95550 



PCT/US03/14411 



s 



i I 



m 
m 

t 



o 

I o 
I c5 



o 
o 



00 



o 
I o 

I o 



00 



t 



o 
o 



o 
o 



2 «> 



00 



o 

ON 



9 



t 

I. 



ON 

t 

X 



o 
o 



o 
o 



! I 



I I 



O' 
00 



00 



I 

in 



oo 

i 



o 



o 
o 



i 1 I ss 



o 
o 



o 
o 



o 
o 



8 S 

• • 



o 
o 



i i 1 



00 



00 



8 

m 

& 

1 



s 



i S 
* g 



o 
in 



1 J J b 

}2 (2 w S o S 




0S 



I g 

il 



s 



BNSOOCID: <VW3___O3O9SSS0A1_L> 



wo 03/095550 



PCT/US03/14411 



o 
c 




00 




vo OS rol 
^ \0 NO o6| 



«^ S3 s !5 

a\ cs o ^ 



«» 00 



s? <^ 

00 K o *^ 



^ so 



NO 



fO OS 



i 



JMkl 

*i ON « 

«- 5? c5 



o 

u 



^ NO VO 5 

S ~ s 



so 



m OS t*^ 
^ \o 00 



xr OS 

00 o6 j:: 




-1 vo d 



^ s so :5 



t M cn 



NO fO 5I 

a «> <^ 2 



^ g{ CO 00 

«o g S ^ ^ 



I 



I 



o o 



t I 

> U PM 



<^ O CO 



o 5 2^ 



0 » ^ s fe?: 

a « ^ ^ :§ 





BNSDCX^ID- <WO. 



.0309555GA1„L> 



wo 03/095550 



PCT/US03/14411 



Control 


Example 34 


18.5 


8.2 
1195 

18.1 

2620 
175 

85 

1.113 


KX-13824/ 
Cyrez® CRA- 
148M 


Example 33 


o 


4.7 

/con 
ooU 

8.2 

10.4 

1515 
275 

82 

1.121 


RX-13824 


Example 32 | 


19.7 


4.2 

615 
9.7 

11.7 

1690 
235 

80 

1.098 


RX-13577/ 
Cyrez® CRA- 
148M 


Example 31 | 


19.7 


4.5 

655 
7.8 

10.4 

10.4 

1515 
300 

82 

1.118 


RX.13577 


Example 30 | 


17.6 


3.8 

545 
7.5 

11.1 

12.7 

1835 
320 

79 

1,098 


Cyrez® CRA- 
148M 


Example 29 | 


19.4 


6.4 

925 
12.3 

13.9 

2010 
225 

86 

1.125 


Plasthall 
DOS/Cyrez® 
CRA-148M 


Example 28 


19.7 


5.0 

725 
9.4 

11.1 

1650 
250 

84 

1.123 


Plasthall DOS 
(dioctylsebacate) 


4j 

"c 
E 

a 


18.8 


4.8 

700 
11.4 

13.5 

1960 
220 

81 

1.102 


Major Variable 




Oscillating Disc 
Rheometer at 
350*'F(177''C) 
(Cont) 

Diire Rate Index 


Original Phys. 
Properties 

Stress @ 100% 
Elongation, MPa 

psi 

Stress @ 200% 
Elongation, MPa 

Stress® 300% 
Elongation, MPa 

Tensile 

Ultimate, MPa 
psi 

Elongation® 
Break, % 

Hardness Duro 
A,pts. 

Specific Gravity 



o 



BNSDC3CID: <WO__03095660A1J_> 



wo 03/095550 



PCT/US03/14411 



r 



r 



H 

1 



o 
o 



o 
o 



o 
o 



o 
o 



o 
o 



o 
o 



o 
o 



8 



SO 



o 



o 
o 



s 



1-4 



s 



00 
•CM 



s 



8 



1 

I 



I 



I 
II 



8 



O 
O 



1^ 



I 



s 
i 
1 

S 

5i 



^1 



0) 



1 



I 



1 



II 

I 

o 
I 



BNSOOCID: <WO_ 



_0300S55M1J_> 



wo 03/095550 



PCT/U^3/14411 



Chlorinated Polyethylene Rubber to Polyester Cord 

More specificaUy, RX-1 3845 was evaluated for cord or fabric to rubber adhesion. 
RX-13845 is an adhesion promoter system consisting of 36.wt.% RX-13804, 36 wt.% Cyrez 
CRA-138 Resin (a liquid at room temperature), and 28% substrate (synthetic calcium 
silicate). RX-13845 was prepared by adding preheated Cyrez CRA 1 38 resin liquid to a dry 
carrier (substrate) contained in a mixing bowl, followed by addition of preheated RX-13804. 
The materials were mixed at low speed for 3 minutes. The materials were blended for an 
additional 3 minutes; RX-13845 permits hquids to be handled as powdras. Because the 
active adhesion promoter is released , the active ingredient is released fiom the carrier, 
incorporation of RX-1 3845 into a rubber compound allows the adhesion promoter to function 
in the same manner as if it had been incorporated into rubber as a neat material. 

The results demonstrate a significant improvement in adhesion of untreated njdon 
fibers, isocyanate treated nylons, isocyanate treated aramid fibers, and untreated polyester 
fibers to chlorinated polyethylene polymer. The data is set forth in Table XI, Examples 34- 

38. . 

TABLE XI 

Example 35 Example 36 Examples? Example 38 



Tyrin CPE CM 0730 
N 774 Carbon Black 

N 650 Carbon Black 
Albacar 5970(CaCO3) 
PARAPLEX® G-62 
PLASTHALL® TOTM 
Calcium Oxide 
Flectol TMQ 
RX-13845 
Subtotal 



100.00 

55.00 
30.00 
10.00 
15.00 
30.00 
4.40 
0.20 

244.60 



3.00 
247.60 



6.00 
250.60 



10.00 
254.60 



Mill Addition 
Vulcup 40KE 
Triganox 17/40 
PLB 5405(75%) 
Total 

Major Variable 



9.50 
3.50 
6.70 
264.30 
Control 



267.30 270.30 274.30 
RX-13845 RX-13845 RX-13845 
(3) (6) (10) 



Viscosity and Curing Properties 
Mooney Viscosi^ at 132*'C(270«»F) 
Minimum Viscosity 
t5, minutes 
tlO, minutes 
t3S, minutes 



40.7 


40.4 


38.2 


37.0 


2.2 


2.2 


2.3 


2.3 


2.5 


2.5 


2.5 


2.5 


3.0 


3.0 


3.2 


3.0 
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ncriilating P '*"- i^li«^"nieter at 



nPARi F XI (CONT.) 
Example 35 Example 36 

^ 11.9 

42.2 
1.2 
28.3 
35.4 
3.7 



Exaiiq>le37 Exan^leS* 



Ml 
Mh 

ts2, minutes 
t'c(90), minutes 
1.25*t'c(90), minutes 

Cvire Rate Index 
Original Physical Properties 
Stress @ 100% Elongation, MPa 

psi 

Stress @ 200% Elongation, MPa 
Stress @ 300% Elongation, MPa 
Tensile Ultxniate, MPa 

psi 

Elongation @ Break, % . 
Hardness Duro A, pts. 

Specific Gravity 
TTTVTRF.ATE n NYLON 
Average Adhesion Force, IbCin widfli 

std.dev 

TCor^ANATE TKFATEP NYLON 

Average Adhesion Force. Ibf7in width 24.84 27.90 

^^■^^ Rubber Failure 

TTTSTTRFATE n ARAMID 
Average Adhesion Force, Ibfi'in widtti 5.54 

std.dev ^•^'^ 
TsnrvANA^ ^ TPF ATFn araMIP 

Average Adhesion Force, Ibf/in widfli 5.50 
std.dev ^-^^ 

TTTVTREAT ^T^ POLYESTER 
Average Adhesion Force, Ibfi'in width 

std.dev 



9.4 
48.7 

I. 3 
25.8 
32.3 

4.1 

6.4 
930 

II. 7 

13.5 
1965 
250 
80 
1.323 

8.43 
1.31 



8.90 
1.33 



6.2 
905 
10.9 

12.5 
1820 
255 
80 
1.326 

. 7.97 
1.60 



4.09 
1.12 



8.20 
1.03 



9.72 
0.33 



10 
38.4 

I. 7 
29.7 
37.1 

3.6 

6.3 
920 

II. 1 

12.8 
1850 
250 
80 
1.324 

9.63 
1.23 



30.24 
4.54 



6.44 
0.76 



9.78 
2.27 



17.77 
4.59 



9.4 

37 

1.5 
21.8 
27.3 

4.9 

5.4 
790 
9.2 

10.5 
1530 

275 
78 
1.324 

10.13 
1.19 



34.93 
3.95 
► 



4.80 
0.46 



9.32 
0.88 



17.39 
6.49 



Method of Measuring Cord Adhesion 

Esterswereevaluatedtodeterxninetheireffectonadhesionofcordstorubberswh^i 

combined with an adhesiveresin. The followingmethodis for determiningliie 

peel adhesion of reinforcing fibers, includingnaturalandmamnademamentsand^^^^ 

to various rubber compounds and elastomers. n.is method is conventionally used with 

industrial weight fibers of 500 denier or greater. Typically, the most common elastomers and 
compounds employed arenaturalrubber.styrenebutadienerubber, copolymers of olefins 
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with non-conjugated dienes (EPDM), polychloroprene rubber (CR), acrylonitrile butadiene 
elastomer (NBR), chlorosuphonated polyethylene elastomer (CSM), polyisoprene rubber, 
isobutylene-isoprene copolymeric rubber, chlorinated isobutylene-isoprene copolymeric 
rubber, brominated isobutylene-isoprene copolymeric rubber, polyvinylchloride, urethane, 
and blends thereof, but this technique can be modified to determine fiber adhesion to a wide • 
variety of materials. 

The adhesion testing described herein was performed in accordance with ASTM D 
4393-85 "Strap Peel Adhesion of Reinforcing Cords or Fabrics to Rubber Compounds." 

Typically, l"x 5" strips of fiber/rubber composite materials were prepared fortestmg. • 
Fibers were positioned onto a tape backing using a rotatable cyUnder. The tape backing was 
applied to a milled elastomer or rubber compound under high temperature and pressure in a 
hydraulic psess (i.e., at curing, extruding, or other conditions) to form a cord- or fabric- 
reinforced composite miaterial. The composite was then cut into strips for adhesion 
measurements through separation load values, appearance, etc.). 

PROCEDURE 

An ASTM 429 mold was placed in a compression press (capable of achieving 
temperatures between 250°F and about 400°F, and a pressure of about 125 tons) and the 
temperature was set within ± 2°F of the vulcanization temperature (cure temperature) for the 
specific rubber compound used. The press was maintained within the specified temperature 
range for about 30 minutes. 

Three strips of 3" wide masking tape (a suitable masking tape is #515 Masking Tape, 
Anchor Continental, Inc. Columbia. SC). with adhesive side out, were wrapped around the 
rotatable cylinder. The three strips were overiapped to achieve a tape backing having a total 
width of about 7". Six 1" wide fiber samples were wrapped onto the tape backing. The same 
or different yam samples can be wound onto each tape backing. Each fiber or cord sample 
should be wound, however, such that there is no overlapping of fibers and no space between 
adjacent fibers. Typically, three strips of each fiber sample were prepared and tested. 

The fibers were secured with 1" wide maskmg tape, and the strips were maiked A, B, 
C, D, E, and F. The six wound samples were removed firom the cylinder by cutting across the 
cylinder. 
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A 5" X 7" piece of unvulcanized compounded rubber to be tested, which has been 
nulled to a specified thickness (0.250 ±0.20 inches), was cut. The mold surfece which will 
be in contact with the fiber assembly was cleaned with n-heptane. 

The preheated mold was removed from the press. The fiber samples were placed at 
thebottommoldplatewiththemaskingtapebacldngfacedown.andthefibersfacingup. A- 

1" X 7" strip of aluminum foil was placed on the back edge of the fiber samples so that the 
fibers are perpendicular to the aluminum foil and about one mch of their length covers the . 
aluminum foil strip. Each strip has a specified position in the press. The cleaned 5" X T 
unvulcanized rubber slab was then on top on the fiber assembly. The preheated top mold 
plate was placed on top of the samples to fomi a sandwich of mold top plate, rubber ■ 
compound, aluminum foil, yam samples, tape and bottom plate. This sandwich is then placed 
inthepreheatedcompressionpressandapressureofaboutl25tonsisappUed. Thepressure- 

and temperature are mamtained-for the specified time (cure time). 

The mold assembly was removed fioih the press at the end of the cure time. It is 
important not to disturb the fiber composite while separating the pad from the mold plates. 
Typically, the pad was placed in cold water to expedite the cooling process. The pad was 

cooled to ambient temperature prior to marking the pad for identification. 

The adhesion pad should sit for an extended period ("conditioning period"), 
overnight, prior to cutting into the 1" x 5" strips for adhesion testing. As much of the 
aluminum foil strip as possible was removed to give a starting separation between the fiber 
sampleandtherubbercompound. The foil can be left in place-if too difficult to remove. 
After conditioning, each 5" x 7" rubber section was cut into six 1" x 5" strips such that only 
one fiber to be tested is contained in each strip. 

Each r X 5" adhesion composite strip was tested on the histron 4201 
tensile/compression machme (Instron Corporation. Canton, MA) according to method 08 of 
the histron Series DC Materials Testing™ Software. 
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TABLE Xn 


Material 


Cbemical Description 


ouppiier 


SMR-L 


Natural rubber 


Alcan 


Kadox 930 


Zmc Oxide 


1 ne u.x^, jiaii L^ompany 


Stearic Acid R.G. 


Steanc Acid, rubber grade 


ine Cj*. xiail company 


N-330 


Carbon Black 


JM Huber or Degussa 


Spider Sulfur 


Elemental Sulfur 


iJie L/.r^. xiau L^ompany 


SantocureTBSI 


N-tert-butyl-di(2- 
ben20thiazolesulfen)inude 


Harwick Standard 


RX-13577 


Tndecyl tallate 


me u.Jr. xiaii i^ompany 


RX-13804 


Di(2-ethylhexyl)dimerate 


itie L/.Jr. Jtiaii uompany 


RX-13824 


Ditridecyl Dimerate 


The CP. Hall Company 


PlasthallDOS 


Dioctyl sebacate 


The CP, Hall Company . 


Paraplex A-8000 


Polyester Adipate 


The CP. Hall Company 


Staflex DBM 


Dibutyl maleate 


The CP. Hall Company 


DiCup 40 KE 


Dicumyl Peroxide on Burgess Clay 


Hercules 


RX-13845 


36% RX-13804, 36% Cyrez® D- 
148M, 28% Hydrated Amorphous 
Silica 


The CP. Hall Company 


Cyrez® Resin D-148M 


Melamine Resin Powder ^ . 
Concentrate 


Cytec 


N-326 


Carbon Black 


JM Huber 


Cobalt Naphthenate 


Metal Carboxylate adhesion 
promoter 


Sheperd 


Santoflex 13 


N-Isopropyl-N-phenyl-p- 
phenylenediamine 


Harwick 


PVI 


N-(cyclohexylthio) phthalmude 


Flexsys 


Permacolite Resin 


Formaldehyde Resin 


hidspec 


Vulkacit pZ 


Benzothiazl-2-dicyclohexyl- 
sulfenamide 


Bayer 


Resimene 


Hexamethoxymelanune 


Solutia 


Nordel IP3720 


Hydrocarbon Rubber 


DuPont 


N762 


Carbon Black 


JM Huber 


RiconlSO 


Liquid Polybutadiene 


Ricon 


TMTD 


Tetramethyl thiurani disulfide 


R.T.VandeibUt 


Rotax 


2-mercaptoben20thiazole 


R.T. Vanderbilt 


SR350 


Acrylic Ester 


Sartoma: 


UBS020602 


Di(2-ethylhexyl) dimerate, 
hydrogenated 


The CP. Hall Company 


Cyrez® Resin CRA- 
133M 


.Melamine Resin Powder 
concentrate 


Cytec 


Cyrez® Resin CRA- 

1 yf QAiT 

14oM 


Melamine Resin Powder 
concciiu oxc 


Cytec 


Royalene 501 


Ethylene-propylene ethylidene 
norbomene rubber 57/43 EP Ratio 


Uniroyal 


Royalene 502 


ENB third monomer 62/38 EP ratio 


Uniroyal 


N-550 


Carbon Black 


Engineering Carbon 


RX-13782 


Capric Tallate 


The C P. Hall Company 
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TABLE XII (CONT.) 


Material 


Chemical Description 


supplier 


KX-13805 


Di(2-ethylhexyl) dimerate 


Inc v^. Jr. 11 all LyUiiipaiiy 


RX-13806 


Didecyl dimerate 


Ine L/. r. Hall i^ompany 


RX-13853 


Di-hexyldecyi tallate 


Ine C r. riaii company 


UBS 020602 


Di (2-ethylhexyl) dimerate (Pripol 
1006) 


Ine c r. riaii company 


UBS 120601 


polyester dimerate 


The C. P. Hall Company 


UBS 121201 


polyester dimerate 


The C. P. H£di Company 


Sunpar2280 


ParafGmc Oil 


Sim Oil 


Premix MBT 


2-mercaptobenzothiazole 


The C».r. Hall Company 


Premix TMTD 


Tetramefhyl thiuram disulfide 


The C. P. Hall Company 


Premix DPTT 


Dipentamethylene thiurum 
(tetra)sulfide 


The C. P. Hall Company • 


Premix TDEC 


Tellurium diethyldithiocarbamate 


The C. P. Hall Company 


UBS051602 


Dioleyl dimerate 


The C P. Hall Company 


UBS060302 


Ditridecvl dimerate 


The C. P. Hall Company 


BM050702 


Pentaerythritol tetratallate 


The C. P. Hall Company 


Royalene IM7200 


blend of ethylene-propylene- 
ethylidene norbomene rubber with 
polyethylene dust 76/24 EP Rs&o 


Uniroyal 


RX-13822 


Tridecyl dimerate 


The C. P. Hall Company 


RX-13823 


Polyester dimerate 


The C. P. Hall Company 


Trigonox 145-45B-pd 


2,5-dimethyl-2,5-di-(tert- 
butylperoxy)hexyne-3, 45% 
supported on calciima carbonate 


Akzo Nobel 


Tyrin CPE CM 0730 


chlorinated polyethylene 30% 
chlorine 


EhipontDow 


N-774 


carbon black 


Degussa Engmeered 
Carbons 


N-650 


carbon black 


Degussa Engineered 
Carbons 


Albacar 5970 


calciimi carbonate 


The C. P. Hall Company 


Paraplex G-62 


epoxidized soybean oil 


The C. P. Hall Company 


RX-13845 


Micro Cel E 28 wt.%, RX-13804 36 
wt.%. Cyrez® CRA-138M 36 wt.% 


The C. P. Hall Company 


Micro Cel E 


Calcium Silicate 


The C. P. Hall Company 


Cyrez®CRA-138M 


Melamine Formaldehyde resin 


Cytec 


Cyrez® CRA-148M 


Melamine Formaldehyde resin 


Cvtec 


VulCup40KE 


2;2'-bis(tert-butylperoxy 
diisopropylbenzene 


Harwick Standard 


Triganox 17/40 


4,4-bis(tert-butyl peroxy) - 3,3,5- 

4«M «v« o4'ViTr1 r*\rr*l /An an A 


At "KT t_ ^1 

Akzo Nobel 


PLB 5405 (75%) 


Trimethylolpropane trimethyl 
acrylate 


Flow Polymer Incorporated 


SMR CV 60 


Natural Rubber 




Process OilC-255E 


Parraffinic Oil 


The C. P. Hall Company 


RX-13896 


Di(2-ethylhexyl) dimerate 


The C. P. Hall Company 
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Santocure TBBS 



HallcoTE-577_ 
"rX-13653 
RX-13892 



Calcium Oxide 



Plasthall TOTM 



Flectol TMQ 



Powerloc 



Beaverloc 



N-t-butyl-2- 
benzotfaiazolesulfenamide 



TridecvlTallate 
lentaerythritol tetratallate 
Diolelyl dimerate 



Calcium Oxide 



72 wt.% Trioctyl Trimellitate, 28 
wt.% Hydrated Amorphous Silica 



2,2,4-Trimethyl-l,2- 
dihydroquin nline. polymerized 



Untreated nylon fiber 
Isocvanate treated nylon fiber 



Untreated aramid fiber 
Isocyanate treated aramid fiber 



Untreated polyester fiber 



The C. P. Hall Company 
The C. P. Hall Company 
The C. P. Hall Company 



The C. P. Hall Company 
The C. P. Hall Company 



Flexsys 



Beaver Manufacturing Co 



Beaver Manufacturing Co. 



Beaver Manufacturing Co> 
Beaver Manufacturing Co. 



Beaver Manufacturing Co. 
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WHAT IS CT - AIMED ISt 

1 ; A rubber composition comprising rubber selected from the group consisting of 
natm-al mbber, synthetic rubber, and a combination thereof; and an adhesion promoter 
containing (1) an adhesive resin in an amount of about 0.1% to about 15% by weight, based 
on the weight of rubber in the composition; and (2) an ester having formula I, U, HI, W or a 
combination of any two or more of said esters in an amount of about 0.1% to about 15% by 

weight, based on the weight of rubber in the composition: 

■ J - 

R2-C-0-R1 (I) 

wherein is a C3-C24 alkyl radical, straight chain or branched, saturated or unsaturated 
containing 1 to 3 caibon-to-carbon double bonds; is a C3-C24 saturated fatty acid residue., 
or an unsaturated f^ acid residue having 1 to 6 caibon-to-carbon double bonds; 

° ? 

R4-0-C-(CH2)n-C-0-R3 ^ 

Wherein n=3-24. and and R^ same or different, are a C3-C.4 alkyl radical, straight chain or 
branched, saturated or unsaturated containing 1 to 3 carbdn-to-caibon double bonds; 




Rio 

(m) 

wherein R^ and R'. same or different, are a C3-C24 hydrocarbon chain, straight chain or 
branched, either saturated or having 1 to 6 caibon-to-caibon double bonds; 

R« and R«, same or different, are C3-C24 alkyl radical, straight chain or branched, saturated or 
unsaturated containing 1 to 3 caibon-to-caibon double bonds; and 

r'O and R", same or different, are a C3-C24, saturated hydrocarbon chain, straight chain or 
branphed; or an unsaturated C3-C24. hydrocarbon chain, straight chain or branched, having 1 

to 6, carbon-to-carbon double bonds; 

If 
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-C-O-R'5 




(IV) 

wherein R'^ R'^ and R". same or different, are a C3-C24, hydrocarbon chain, straight chain or 
branched, ei&er saturated or having 1 to 6 carbon-to-caibon double bonds; 

R», Ri5 and R'^ same or different, are a C3-C24 alkyl radical, straight chain or branched, 
saturated or unsaturated containing 1 to 3 carbon-to-caibon double bonds; and 

R»« Ri7 and R^^ same or different, are a C3-C24 saturated hydrocarbon chain, strmg^^ 

or branched; or unsaturated C3-Ca4 hydrocarbon chain, straight chain or branched, containing 

1 to 6 carbon-to-carbon double bonds. 

2. Arubbercompositioninaccordancewith claim 1. wherein theesteris 
selected from the group consisting of formulal, n. m. W. and a combination of 

more of said esters: 

R2.C-0-R^ q 

wherem R^ is a Ca-Cj, alkyl radical, straight chain or branched, saturated or unsaturated 
containing 1 to 3 caibon-to-caibon double bonds; and R^ is a C-Cs saturated fatty acid 
residue, or an unsaturated fatty acid residue having 1 to 3 carbon-to-carbon double bonds; 

O o 
r4.0-C-(CH2VC-O-R^ (H) 

wherein n=6-18. and R^ and K\ same or different, are a C,-Cn alkyl radical, straight chain or 
branched, saturated or unsaturated containing 1 to 3 carbon-to-carbon double bonds; 
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R" (m) 

wherein and R^ are a C6-C24 hydiocaibon chain, straight chain or branched; either 
saturated or having 1 to 3 carbon-to-caibon double bonds; 

R^ and R\ same or different, are a Cs-Cjg alkyl radical, straight chain or branched, saturated 
or unsaturated containing 1 to 3 carbon-to-caibon double bonds; and 

R»° and R", same or different, are a C3-C,8. saturated hydrocarbon chain, straight chain or • 
branched; or an unsaturated hydrocarbon chain, straight chain or branched, containing 1 to 3 
carbon-to-carbon double bonds; 



'J 



Rl9-0-e-Rl8 Rl2^.0-R" 

"Rl^-^-O-RlS 




(IV) 

Wherein R". R'' and K'\ same or different, are a Cg-Cg, hydrocarbon chain, straight chain.or 
branched, either saturated or having 1 to 3 carbon-to-carbon double bonds; 

R", R" and R''. same or diff^ent. are a Cfi-Cig alkyl radical, straight chain or branched, 
sat^ted or unsaturated containing 1 to 3 carbon-to-carbon double bonds; and 

Ri«. R'' and r2°, same or different, are a Ce-Cn saturated hydrocarbon chain, straight chain 
or branched; or an unsaturated Ce-Cs hydrocarbon chain, straight chain or branched, 
containing 1 to 3 carbon-to-carbon double bonds. 
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3. The rubber composition of claim 1, wherein the adhesive resin is a 
condensation product of a methylene acceptor and a methylene donor. 

4. nie rubber conq)osition in accordance with claim 3, wherein the adhesive 
resin is selected fiom the group consisting of phenol-formaldehyde, melamine-formaldehyde; 
naphthol-formalddiyde; polyepoxide; a reaction product of triallyl cyanurate. resorcinol. and 
formaldehyde; a reaction product of p-chlorophenol, resorcinol, and formaldehyde; a 
copolymerofstyrene, butadiene, and 2-vinylpyridine; and mixtures thereof. 

5. The rubber composition in accordance with claim 4, wherein the phenol- 
formaldehyde resin is resorcinol-formaldehyde. 

6. The rubber conq)osition in accordance with claim 1, wherein the adhesive 
resin is selected frem the group consisting of derivatives of melamine, acetoguanan^^^ 

benzoguanamine. cyclohexylguanamine and glycoluril monomers and oUgomers of these 
monomers, which have been substituted on average at two or more positions on the monomer 
or on each unit of the oligomer with vinyl temrinated radicals, the vulcanizable rubber 
composition being free of resorcinol. 

7. The vulcanizable rubber composition in accordance wifli claim 6. wherein at 
least one of the adhesive resins has been further substituted on average at one or more 
positions with a radical which comprises carbamoyhnethyl or amidomethyl. 

8. A vulcanizable rubber composition in accordance wifli claim 6. wherein tiie 
adhesive resin is selected from compounds of tiie formula; 

_ 

\ Ti 1 
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'I J, 



/\ 

R R 



T 



I 



11 1 



c. 
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^CH-CH 
O 



and positional isoma:^ thereof, 

wherein, in each monomer and in each polymerized unit of the oUgomers, Y is selected from 
methyl, phenyl and cyclohexyl, and, on average, at least two R are -CH2-R\ and any 
remaining R are H, and at least 2 R* are radicals selected from 

CH2=C(R^) — C(0) — O— , 

CH2= C(R^)— C(0) — Z, 

CH2= C(R^>— C(0) — NH — , and 

CH2= C(R^)— CH2 — O— , 
wherein R^ is hydrogen or Ci-Cjg alkyl, and Z is a radical selected from 



— O— CH2— CH(CH3; 
— O— CHz— CH2— CH2O— , and 
— O— CH(C2H5)— O— , and 

any remaining R* radicals are selected from 



-R^ 



— NH— C(0)— OR^ and 
— NH— C(0)— R^ and 
wherein R3 is hydrogen or R4, and R, is a Ci-C.g alkyl, alicyclic, hydroxyalkyl. alkoxyalkyl 
aromatic radical, and in the oligomers, P is 2 to about 10, and L is methylene or the radical 



or 



— CH2— Q— CH2 
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9. A vulcanizable rubber composition in accordance with claim 8, wherein on 
average at least one in each monomer or in each oligomerized unit of the adhesive resin is: 

— NH— C(0>— OR"* 

wherein R^ is as defined in claim 8. 

10. A vulcanizable rubber composition in accordance with claim 9, wherein the 
adhesive resin is a compound of the formula 



R 



R R 



wherein P, L and R are as defined in claim 8. 

11. A vulcanizable rabber composition in accordance with claim 10, wherein in 
the adhesive resin formulas, on average at least one R radical in each monomer or in each 
oligomerized unit is 

— CH2— NH— C(0) — OR"^ 

wherein R"^ is a Ci-Cis alkyl, alicychc, hydroxyalkyl, alkoxyalkyl or aromatic radical. 



12. A vulcanizable mbber composition in accordance with claim 10, wherein on 
average at least two R radicals are selected from 
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CH2=C(CH3)— C(0)Q— C3H6— Q-CH2— 
and 

CH2=CH2— C(0)0— C2H4 — O— CH2— 

and at least one R radical is selected from 

CH2— NH— C(0>— O— CH3 
and 

CH2— NH— C(0)— O--C3H7. 

13. A vulcanizable rubber composition in accordance with claim 8, further 
comprising an additional additive selected from hydroxymethylated and alkoxymethylated 
(alkoxy having 1-5 carbon atoms) derivatives of melamine, acetoguanamine, 
benzoguanamine, cyclohexylguanamine and glycoluril and their oligomers. 

14. The composition in accordance with claim 6. wherein the adhesive resin is a 
derivative of melamine or an oligomer of melamine. 

15. The composition in accordance with claim 6, wherem the adhesive resin is a 
derivative of acetoguanamine or an oUgomer of acetoguanamine. 

1 6. The composition in accordance with claim 6, wherein the adhesive resin is a 
derivative of benzoguanamine or an oligomer of benzoguanamine. 

17. The composition in accordance with claim 6, wherein the adhesive resin is a 
derivative of cyclohexylguanamine or an oUgomer of cyclohexylguanamine. 

18. A vulcanizable rubber composition in accordance with claim 1, wherein Ihe 
adhesive resm is a self-condensing alkylated triazine resin selected from the group consisting 
of(i).(ii),and(iii): 

(i) a self-condensing alkylated triazine resm having at least one of unino or 
methylol functionality and represented by formula (I) 
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(I) 



(ii) an oligomer of (i), or . 

(iii) a mixture of (i) and (ii), wherein 

Z is -N(R)(CH20R'X aryl having 6 to 10 carbon atoms, alkyl having 1 to 20 carbon. 

atoms or an acetyl group, 

each R is independently hydrogen or -CH2OR , and 

each R' is independently hydrogen or an alkyl group having 1 to 12 carbon atoms, 
provided that at least one R is hydrogen or -CH2OH and at least one R^ is selected 
fit)m the alkyl group; and 

wherein the vulcanizable rubber composition is substantially free of methylene 

acceptor coreactants. 

19. The vulcanizable rubber composition in accordance with claim 18, wherem at 
least one R group is hydrogen. 

20. The vulcanizable rubber composition in accordance with claim 19, wherein at 
least one R' group is a lower alkyl group having 1 to 6 carbon atoms. 

21. The vulcanizable rubber composition in accordance with claim 20, wherein 
the adhesive resin is a derivative of melamine, benzoguanamine. cyclohexylguanamine, or 
acetoguanamine, or an oligomer thereof. 

22. The vulcanizable rubber composition in accordance vwth claim 20, wherein Z 
is-N(R)(CH20R'). 
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23. The rabber composition in accordance with claim 4, wherein the phenol- 
formaldehyde resin is resorcinol-fonnaldehyde; and the melamine-fonnaldehyde resin is N- 
(substituted oxymethyl) melamine-formaldehyde. 

24. A rubber composition in accordance with claim 1, wherein the ester has the 
formula n and comprises a saturated diester formed by the reaction of sebacic acid and a Ce- 
C24 alcohol, straight chain or branched, saturated or unsaturated containing 1 to 3 carbon-to- 
caibon double bonds. 

25. A rubber composition in accordance with claim 24, wherein the alcohol is 2- 
ethylhexyl alcohol, and the ester has the following formula: 



GH3 

^ CH3 



T r ! T 

CH3KCH2)3-ai-ai2-0-CKCH2)8-C<)<H2-^-(CH^^ 



26. A rubber composition in accordance with claim 1, wherein the ester is an 
unsaturated diester formed by the reaction of a C36 dimer acid and a C3-C18 alcohol, straight 
chain or branched, saturated or unsaturated containing 1 to 3 carbon-to-carbon double bonds. 

27. A rubber composition in accordance with claim 26, wherein the alcohol is 2- 
ethylhexyl alcohol. 

28. A rubber composition in accordance with claim 26, wherein the alcohol is 
tridecyl alcohol. 

29. A rubber composition in accordance with claim 26, wherein the alcohol is 
oleyl alcohol. 

30. A rubber composition in accordance with claim 1, wherein the ester comprises 
the following dimer acid reacted with a C3-C24 alcohol: 
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CH2-C3I2-CH2-CH2-CH2-CH2-CH2-COOH 

.CH2-CH2-CH2-CH2-CH2-CH2-CH2-COOH 




^CH2-CH=CH5-(CH2)4-CH3 
CH2-(CH2)4-CH3 

31. A rubber composition in accordance with claim 1, wherein the estier comprises 
the following dimer acid reacted with a C3-C24 alcohol: 

CH2-CH2-CH2-CH2-CH2-CH2-CH2-COOH 

:H2-CH2-CH2-CH2-CH2-CH2-CH2-C00H 




^CH2-(CH2)6-CH3 
CH2-(CH2)4-CH3 

32. A rubber composition in accordance with claim 1, wherein the ester comprises 
the following dimer acid reacted with a C3-C24 alcohol: 

CH2-CH2-CH2-CH2-CH2-CH2-CH2-COOH 

l2-CH=CH-(CH2)4-COOH 




^CH2-CH=CH-(CH2)4-CH3 
CH2-(CH2)4-CH3 



33. A rubber composition in accordance with claim 1 , wherein the ester is the 
reaction product of a C3-C24 alcohol with a tricaiboxyUc acid, having the following foraiula: 



■afe-cH=cH-(a®4-cEb 
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34. A rubber composition in accordance with claim 1 , wherein the ester is a 
combination of compoimds of formula 1, 11, IH, and IV. 

35. A rubber composition in accordance with claim 34, wherein the ester is a 
reaction product of a C3-C24 alcohol straight chain or branched, saturated or unsaturated 
having 1 to 3 carbon-to-carbon double bonds, with a dimer acid having CAS #61788-89-4. 

36. A rubber composition in accordance with claim 35, wherein the alcohol is 2- 
ethylhexyl alcohol. 

37. A rubber composition in accordance with claim 35, wherein the alcohol is a 
tridecyl alcohol. 

38. A rubber composition in accordance with claim 35, wherein the alcohol is an 
oleyl alcohol. 

39. A method of increasing the adhesion of a rubber composition to a polymer, 
glass, or metal substrate, said rubber composition including a natural or synthetic rubber, a 
rubber vulcanizing agent, and an adhesfive resin, comprising adding to said rubber 
composition, in an amount of about 0.1% to 15% by weight, based on the weight of the 
rubber, an ester having formula I, U, IH, IV, or mixtures thereof: 

O 

wherein is a C3-C24 alkyl radical, straight chain or branched, saturated or unsaturated 
containing 1 to 3 carbon-to-carbon double bonds; is a C3-C24 saturated fatty acid residue, 
or an unsaturated fatty acid residue having 1 to 6 carbon-to-carbon double bonds; 

0 0 
R^.0-C-(CH2)„-C-0-R3 

wherein n=3-24 and R^ and R"*, same or different, are a C3-C24 alkyl radical, straight chain or 
branched; 
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whereiii and R', same or different, are a C3-C24 hydro carbon chain, straight chain or 
branched, either saturated or having 1 to 6 caibon-to-carbon double bonds; 

R« and R^ same or different, are a C3-C24 alkyl radical, straight chain or branched; and 

r'° and R", same or different, are a C3-C24, saturated hydrocarbon chain, strai^t chain or 
branched; or an unsaturated C3-C24, hydrocarbon chain, straight chain or branched, having 1 
to 6 carbon-to-carbon double bonds; 



R19.0-I-R18 r12-1;^r" 

O 

Ri4.t.O-R" 




wherein R'^ R'" and R'", same or different, are a C3-C24 hydrocarbon chain, straigiht chain or 
branched, either saturated or having 1 to 6 caibon-to-carbon double bonds; 

r", R^5 and R'', same or different, are C3-C24 alkyl radical, straight chain or branched, 
saturated or unsaturated containmg 1 to 3 carbon-to-carbon double bonds; and 

r", R" and K^, same or different, are C3-C24 saturated hydrocarbon chain, straigiht chain or 
branched; or unsaturated C3-C24 hydrocarbon chain, straight chain or branched, containing 1 
to 6 carbon-to-carbon double bonds. 

40. A method in accordance with claim 39. wherein the substrate is a pluraUty of 

cords. 
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41 . A method in accordance with claim 39, wheiein the substrate is a polymeric 
sheet or fabric. 

42. A method in accordance with claim 39, wherein the substrate is metal flat 
stock material. 

43. A cord-reinforced article of manufacture comprising a plurality of cords 
selected from polymeric cords, metal cords, glass cords, and a combination thereof, adhered 
to the robber composition of claim 1 . 

44. The robber composition in accordance with claim 1, wherein tiie R^, R^, R^, 
R^^, R^"* are fatty acid residues derived from animal or vegetable fatty acids. 

45. The robber composition of claim 44, wherein the fatty acids are selected from 
the groiq) consisting of butter; lard; tallow; grease; herring; menhaden; pilchard; sardine; 
babassu; castor; coconut; com; cottonseed; jojoba; linseed; oiticia; olive; palm; pahn kernel; 
peanut; rapeseed; safflower; soya; sunflower, tall; tung; and mixtures thereof. 

46. The robber composition of claim 45, wherein the fatty acid residues are ; 
selected from the group consisting of hexanoic; octanoic; decanoic; dodecanoic; 9- 
dodecenoic; tetradecanoic; 9-tetradecenoic; hexadecanoic; 9-hexadecenoic; octadecanoic; 9- 
octadecenoic; 9-octadecenoic, 12-hydroxy; 9, 12-octadecadienoic; 9, 12, 15-octadecatrienoic; 
9, 11, 13-octadecatrienoic; 9, 1 1, 13-octadecatrienoic, 4-oxo; octadecatetrenoic; eicosanoic; 

1 1-eicosenoic; eicosadienoic; eicosatrienoic; 5, 8, 11, 14-eicosatetraenoic; eicosapentaenoic; 
docosanoic; 13-docosenoic; docosatetraenoic; 4, 8, 12, 15, 19-docosapentaenoic; 
docosahexaenoic; tetracosenoic; and 4, 8, 12, IS, 18, 21*tetracosahexaCTioic. 



-79- 



<WO ^03095660A1_L> 



International search report 



IMemat^fl|l AppNcaUen No 

PCT/ff 03/14411 



hrr'cmllTSr " C0Ik5/1O C08K5/3492 



According to International Patent Classlficatton (iPC) or to both national classlflcatlon and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by dassiflcalion symbols) 

IPC 7 C08L C08K B60C 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the International search (name of data base and. where practical, search terms used) 

EPO-Internal , WPI Data, PAJ, CHEM ABS Data 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category • Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to daim No. 



us 2002/010275 Al (FANTOZZI JUSTIN JOSEPH 
ET AL) 24 January 2002 (2002-01-24) 

page 1, paragraph 5 - paragraph 12 
page 1, paragraph 17 
page 3, paragraph 35 

example 1; tables 1,2 

claims 1-4 

EP 1 022 306 A (KF INTERNATIONAL CO LTD 

:BRIDGESTONE CORP (JP)) 

26 July 2000 (2000-07-26) 

page 3, line 14 - line 53 

page 4, line 1 - line 2 

page 4, line 25 - line 29 

page 6, line 42 - line 49 

example 16; table 2 

claims 1-3 



1,3-5, 
23-25, 
44-46 



1-5, 

39-41, 

43-46 



m 



Further documents are listed In the continuation of box C. 



ID 



Patent famBy members ere listed In annex. 



» Special categories of died documents : 

■A* document defining the general state of the art which Is not 
considered to be of particular relevance 
eariler document but published on or after the International 
filing date 

•L' document which maythrowdoubts on priority claim(s) or 
which is cited lo e^ablish the publication dale of another 
citation or other spedal reason (as specified) 

•O* document refening to an oral disclosure, use, exhibftion or 
other means 

■P" document published prior to the International filing date but 
later than the priority dale claimed 



later document publl^ed after the Intemalional flDng d^e 

rz E... In ufith tha appllcatlon but 

undertylngthe 



laioi woMii»«»ii» — — aiwiwi iiNiiy wnv? 

or priority date and not in conflict with the application but 
dted to underetand the principle or theory 



•X 



invention 

document of particular relevance; the ciabned Invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document Is taken alone 
•V document of particular relevance; the claimed Invention 

cannot be considered lo Involve an inventive step when the 
document Is combined with one or more other such docu- 
ments, such combination being obvious to a person slollea 
in the art 

document member of the same patent family 



Date of the actual completion of the international search 

4 September 2003 



Date of mailing of the international search report 

15/09/2003 



Name and mailing address of the ISA 

European Patent Offioe, P.a 5818 Patentlaan 2 
NL-2280HVRlswiik 
TeL (+31-70) 340-2040, Tx. 31 651 epo nl. 
Fax: (+31-70) 340-3016 



Authorized officer 



Denis, C 



Form PCTflSA«lO (second sheet) (July 1962) 



page 1 of 2 



XXID- <WO_ 



O3095550A1_ 



INTERNATIONAL SEARCH REPORT 



lnternatlu|^Appllcatlon No 

PCT/ff 03/14411 



C.(Contlnuation) DOCUMENTS CONSIDERED TO BE RELEVANT 
Category* 



of the relevant passages 



Relevant to dalm No. 



us 4 550 147 A (OOHARA RIICHIRO) 
29 October 1985 (1985-10-29) 

column 1, line 51 -column 2, line 66 
column 3, line 10 - line 16 

tables 1,2 

claims 1,2 



1-5, 

39-41, 

43-46 



fomi PCT/I8M210 (oonllnuaHon ol second sDeat) (July 1982) 

page 2 of 2 

BMSOOaO- <WO 03O966S0*1J_> 



INTERNATIONAL SEARCH REPORT 

In Hlon on patent family members 



Patent document 
cited In search report 

US 2002010275 Al 



Publication 
date 

24-01-2002 



EP 1022306 



26-07-2000 



US 4550147 



US 
BR 
DE 
GB 
JP 



OP 
EP 

US 



lntematla|& Api«eatloii No 

PCT/ffo3/14411 



Patent family 
member(s) 

6405775 81 
0102148 A 
10127616 Al 
2363124 A 
2002234310 A 



2000212335 A 
1022306 Al 
6525121 Bl 



29-10-1985 NONE 



Putillcation 



18-06-2002 
01-10-2002 
01-08-2002 
12-12-2001 
20-08-2002 



02-08-2000 
26-07-2000 
25-02-2003 



Forni PCTflSA«10 (prteni lainlV snnox) (JiHr 1998) 
BNSOOCIO- iWO___<a09S56aMJ.> 



02) INTERNATIONAL APPLICATION PUBUSHED UNDER THE PATENT COOPERATION TREATY (PCT) 



CORRECTED VERSION 



(19) World Intellectual Property 

Organization 
International Bureau 

(43) International Publication Date 
20 November 2003 (20.11.2003) 




PCT 



liiiiliilllllilililiiiillilii 

(10) Inlcrnalional Publication Number 

WO 2003/095550 Al 



(51) Inlcrnatlonal Patent ClasslGcalion^: C08L 21/00, 
C08K 5/10, 5/3492 

(21) international Application Number: 

PCT/US2003/014411 

(22) International Filing Date: 9 May 2003 (09.05.2003) 

(25) Filing Language: English 

(26) PubHcation Language: English 

(30) Priority Data: 

10/144,229 10 May 2002(10.05.2002) US 

10/30li770 21 November 2002 (21.1 1.2002) US 



(81) Designated States (national)i AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, H, GB, GO, GE, GM, 
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, Nl, NO, NZ, OM, PH. PL, PT, RO, RU, SC, SD, 
SE, SG, SK, SL, TJ, TM, TN. TR, TT, TZ, UA, UG, UZ, 
VC, VN, YU. ZA, ZM. ZW. 

(84) Designated States (regional)*. ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, /VZ, BY, KG, KZ. MD, RU, TJ, TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
ES, n, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT. RO. 
SE, SI, SK, TR), OAPI patent (BF, BJ, CF, CG, a, CM, 
GA, GN, <3Q. GW, ML. MR, NE. SN, TD, TG). 



(71) Applicant: THE CP. HALL COMPANY [USAJS]; 3 1 1 p^bDshed: 

South Wacker Drive, Suite 4700, Chicago, IL 60606-6622 — ^^.^^^ imemaiional search report 
(US). 



(72) Inventors: WENTWORTH, Gary; 5540 North Wayne 
Avenue, Chicago, IL 60640 (US). O'ROURKE, Stephen; 
1847 Mame Road, Bolingbrook, IL 60490 (US). STE- 
FANISIN, Kimbcrly; 4867 Wick Drive, Oak Lawn, IL 
60453 (US). ENGLISH, John; 11000 S. Keeler, Oak 
Lawn. IL 60453 (US). 

(74) Agent: ANDERSON, Richard, H.; Marshall, Gerstein 
& Borun, 6300 Sears Tower, 233 South Wacker Drive, 
Chicago. IL 60606 (US). 



(48) Date of publication of this corrected version: 

31 December 2003 

(15) Information about Correction: 

see PCT Gazette No. 01/2004 of 31 December 2003, Sec- 
tion II 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette, 



ID 
IT) 

OS 

f?5 



O 



(54) Title: ADHESION PROMOTER FOR CORD-REINFORCED RUBBER AND METAL OR POLYMER SUBSTRATE/RUB- 
BER COMPOSITES 

(57) Abstract: A rubber composition including a natural or synthetic nibber, and an adhesive resin capable of unexpected adhesion 
to metal, polymer and glass substrates, particularly coids in radical tires, hoses, conveyor belts, transmission belts, and the like by 
the addition of long chain esters, including mono, di- and tri-csters. 



BNSDOCIO <wo_ 



_03095550A1JA> 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Inielleclual Property 
Organization 
Intcmaiiona] Bureau 

(43) International Publication Date 
20 November 2003 (20.11-2003) 




lillilill 


ill 


illlllllil 


llllliliiilll 


llilllllillllill 


iiinii 


IIHI 



PCT 



(10) International Publication Number 

WO 2003/095550 Al 



(51) Inlernatlonal Patent Classificalion^: 
C08K5/10, 5/3492 



C08L 21/00, 



(21) Inlernatlonal Application Number: 

PCT/US2003/014411 

(22) International FiUng Date: 9 May 2003 (09.05.2003) 



(25) Filing Language: 

(26) PublicaUon Language: 



English 
English 



(30) Priority Data: 

10/144,229 
10/301,770 



10 May 2002 (10.05.2002) US 
21 November 2002 (21.1 1 .2002) US 



(71) Applicant: THE CP. HALL COMPANY [USAJS]; 31 1 
South Wacker Drive, Suite 4700, Chicago, IL 60606-6622 
(US). 

(72) Inventors: WENTWORTH, Gary; 5540 North Wayne 
Avenue, Chicago. IL 60640 (US). O'ROURKE, Stephen; 
1847 Mame Road, Bolingbrook, IL 60490 (US). STE- 
FANISIN, Klmbcrly; 4867 Wick Drive, Oak Lawn, IL 
60453 (US). ENGLISH, John; 11000 S. Keeler, Oak 
Lawn, IL 60453 (US). 

(74) Agent: ANDERSON, Richard, H,; Marshall, Gerslein 
& Borun, 6300 Sears Tower, 233 South Wacker Drive, 
Chicago, IL 60606 (US). 



(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DH. DK, DM, DZ, EC, EE, liS, 11, GB, GD, GE, GH, 
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NI, NO, NZ, CM, PH, PL, PT, RO, RU, SC, SD, 
SE. SG, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, UZ, 
VC, VN, YU. ZA, ZM, ZW. 

(84) Designated Slates (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM. AZ, BY, KG, KZ, MD, RU, TJ, TM). 
European patent (AT. BE, BG, CH, CY, CZ, DE, DK, EE, 
ES, n, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO, 
SE, SI, SK, TR), OAPl patent (BP, BJ, CP, CG. CI, CM. 
GA. GN. GQ, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— with itaemational search report 

— with amended claims and statement 

Dale of publication of the amended claims and statement: 

18 March 2004 

(15) Information about Correction: 
Previous Correction: 

see PCT Gazette No. 01/2004 of 31 December 2003, Sec- 
tion II 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



I/) 

as 



2 (54) Title: ADHESION PROMOTER FOR CORD-REINFORCED RUBBER AND METAL OR POLYMER SUBSTRATEmUB- 
O BER COMPOSITES 

n (57) Abstnict: A nibber composition including a natuml or synthetic ™bber, and an adhesive resin capable 

> to meul polymer and glass s^strates, particularly cords in radical tires, hoses, conveyor belts, transmission belts, and the hke by 
^ the addition of long chain esters, including mono, di- and tri-esters. 



BNSDOCID- <WO__03095S50A1.IB> 



wo 2003/095550 



1 



PCT/US2003/01441] 



AMENDED CLAIMS 
Received by the International Bureau on 17 November 2003 : 
Claims 2,3,6-22,24-38,40-42,45-46 amended, 47-49 added. 




R»5 



(IV) 

wherein R^^, R^^ and R^^ same or different, are a C3-C24, hydrocarbon chain, straight chain or 
branched, either saturated or having 1 to 6 carbon-to-carbon double bonds; 

r", R^^ and R^^ same or different, are a C3-C24 alkyl radical, straight chain or branched, 
saturated or unsaturated containing 1 to 3 carbon-to-carbon double bonds; and 

R^^ R^^ and R^^, same or different, are a C3-C24 saturated hydrocarbon chain, straight chain 
or branched; or unsaturated C3-C24 hydrocarbon cham, straight chain or branched, containing 
1 to 6 carbon-to-carbon double bonds. 

2. The rubber composition in accordance with claim 1 , wherein the ester 
is selected from the group consisting of foraiula I, II, m, IV, and a combination of any two or 
more of said esters: 

r2-c-o-r^ q 

wherein R' is a Cs-Cis alkyl radical, straight chain or branched, saturated or unsaturated 
contaming 1 to 3 carbon-to-carbon double bonds; and R^ is a Cg-Cis saturated fetty acid 
residue, or an unsaturated fatty acid residue having 1 to 3 carbon-to-carbon double bonds; 

O O 
r4-0-C-(CH2)„-C-0-R3 ^ 

wherein n=6-18, and R^ and R", same or different, are a C3-C18 alkyl radical, straight chain or 
laanched, saturated or unsaturated containing 1 to 3 caibon-to-carbon double bonds; 
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3. The rubber composition in accordance with claim 1, wherein the adhesive 
resin is a condensation product of a methylene acceptor and a methylene donor. 

4. The rubber composition in accordance with claim 3, wherein the adhesive 
resin is selected from the group consisting of phenol-formaldehyde, melamine-foimaldehyde; 
naphthol-fomialdehyde; polyepoxide; a reaction product of triallyl cyanurate, resorcinol, and 
formaldehyde; a reaction product of p-chlorophenol, resorcinol, and formaldehyde; a 
copolymer of styrene, butadiene, and 2-vinylpyridine; and mixtures thereof. 

5. The rubber composition in accordance with claim 4, wherein the phenol- 
formaldehyde resin is resorcinol-formaldehyde. 

6. The rubber composition in accordance with claim 1. wherein the adhesive 
resm is selected from the group consisting of derivatives of melamine, acetoguanamine, 
benzoguanamine, cyclohexylguanamine and glycoluril monomers and oligomers of these 
monomers, which have been substituted on average at two or more positions on the monomer 
or on each unit of the oligomer with vinyl teraunated radicals, the rubber composition being 
free of resorcinol. 

7. The rubber composition in accordance with claim 6, wherein at least one of 
the adhesive resins has been further substituted on average at one or more positions with a 
radical which comprises caibamoyhnelhyl or amidomethyl. 

8. The rubber composition in accordance with claim 6, wherein the adhesive 
resin is selected from compounds of the formula: 

_ ^'^ 

V \ I 
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9. The rubber composition in accordance with claim 8, wh«ein on average at 
least one in each monomer or in each oligomerized imit of the adhesive resin is: 

— NH-^C(O)— OR"^ 

wherein R* is as defined in claim 8. 

10. The rabber composition in accordance with claim 9, wherein the adhesive 
resin is a compoxmd of the formula 



t 



1_ / \ 
R R 



wherein P, L and R are as defioaed in claim 8. 

11. The rubber composition in accordance with claim 1 0, wherein in the adhesive 
resin formulas, on average at least one R radical in each monomer or m each oligomerized 
unit is 

— CH2— NH— C(0) — OR^ 
wherein R"^ is a Ci-Cis alkyl, alicyclic, hydroxyalkyl, alkoxyalkyl or aromatic radical. 

12. The rubber composition in accordance with claim 1 0, wherein on average at 
least two R radicals are selected firom 



BNSCXXIO- <WO__03095550A1JB> 



wo 2003/095550 PCT/US2003/014411 

4 

ai2K:(CH3>-C(0)0-C3He-0--CH2— . 
and 

CHz^CHr- C(0)0-C2H4 -O— CHr- 
and at least one R radical is selected fix>m 

CH2— NH— C(0)— O— CH3 
and 

CHr- NH— C(0)— O— C3H7. 

13. The rubber composition in accordance with claim 8, further comprising an 
additional additive selected from hydroxymethylated and alkoxymethylated (alkoxy having 
1-5 carbon atoms) derivatives of melamine, acetoguanamine, benzoguanamine, 
cyclohexylguanamine and glycoluril and their oligomers. 

14. The rubber composition in accordance with claim 6, wherein the adhesive 
resin is a derivative of melanMne or an oligomer of melamine. 

15. The rubber composition in accordance with claim 6, wherein the adhesive 
resin is a derivative of acetoguanamine or an oligomer of acetoguanamine. 

1 6. The rubber composition m accordance with claim 6, wherein the adhesive 
resin is a derivative of benzoguanamine or an oligomer of benzoguanamine. 

1 7. The rubber composition in accordance with claim 6, wherein the adhesive 
resin is a derivative of cyclohexylguanamine or an oligomer of cyclohexylguanamine. 

1 8. The rubber composition in accordance with claim 1 , wherein the adhesive 
resin is a self-condensing alkylated triazine resin selected firom the group consisting of (i), 
(ii), and (iii): 

(i) a self-condensing alkylated triazine resin having at least one of imino or 
methylol functionality and represented by formula (I) 
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(ii) an oligomer of (i), or 

(iii) a mixture of (i) and (ii), wherein 

Z is -N(R)(CH20R^), aryl having 6 to 10 carbon atoms, alkyl having 1 to 20 carbon 
atoms or an acetyl group, 

each R is independently hydrogen or -CH2OR*, and 

each R^ is independently hydrogen or an alkyl group having 1 to 12 carbon atoms, 
provided that at least one R is hydrogen or -CH2OH and at least one R^ is selected 
fiom the aUcyl gjxmp; and 

wherein the rabber composition is substantially free of methylene acceptor 

coreactants. 



19. The rubber composition in accordance with claim 18, wherein at least one R 
group is hydrogen. 

20. The rubber composition in accordance with claim 19, wherein at least one R^ 
group is a lower alkyl group having 1 to 6 carbon atoms. 

21 . The mbber composition in accordance with claim 20, wherein the adhesive 
resin is a derivative of melamine, benzoguanamine, cyclohexylguanamine, or 
acetoguanamine, or an oligomer thereof. 

22. The rubber composition in accordance with claim 20, wherein Z is - 
N(R)(CH20R^). 
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23. The rubber composition in accordance with claim 4, wherein the phenol- 
formaldehyde resin is resorcinol-formaldehyde; and the melamine-foimaldehyde resin is N- 
(substimted oxymethyl) melamine-formaldehyde. 

24. The rubber composition in accordance with claim 1 , wherein the ester has the 
formula H and comprises a saturated diester formed by the reaction of sebacic acid and a Ce- 
C24 alcohol, straight chain or branched, saturated or unsaturated containing 1 to 3 caibon-to- 
carbon double bonds. 

25. The rubber composition in accordance with claim 24, wherein the alcohol is 
2-ethylhexyl alcohol, and the estra: has the following formula: 



^3 CH3 



CH3-(CH2)3-CH-CH2-0-C-(ai2)8<^-0-CH2-CH-(CH2)3-Cai3 . 

26. The rubber composition in accordance with claim 1, wherein the ester is an 
unsaturated diester formed by the reaction of a C36 dimer acid and a C3-C18 alcohol, straight 
chain or branched, saturated or unsaturated containing 1 to 3 carbon-to-carbon double bonds. 

27. The rubber composition m accordance with claim 26, wherein the alcohol is 2- 
ethylhexyl alcohol. 

28. The rubber composition in accordance with claim 26, wherein the alcohol is 
tridecyl alcohol. 

29. The rubber composition in accordance with claim 26, wherein the alcohol is 
oleyl alcohol. 

30. The rubber composition in accordance with claim 1, wherein the ester 
comprises the following dimer acid reacted with a C3-C24 alcohol: 
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qi2-CH2-CH2-CH2-CH2-CH2-CH2-COOH 

.CH2-CH2-CH2-CH2-CH2-CH2-CH2-COOH 




-CH2-CH=CH5-(CH2)4-CH3 
CH2-(CH2)4-CH3 . 

3 1 . The rubber composition in accordance with claim 1 , wherein the ester 
comprises the following dimer acid reacted wifli a C3-C24 alcohol: 

CH2-CH2-CH2-CH2-CH2-CH2-COOH 

[2-CH2-CH2-CH2-CH2-CH2-CH2-COOH 




^CH2-(CH2)6-CH3 
CH2-(CH2)4-CH3 

32. The rubber composition in accordance with claim 1 , wherein the ester 
comprises the following dimer acid reacted with a C3-C24 alcohol: 

CH2-CH2-CH2-CH2-CH2-CH2-CH2-COOH 

l2-CH=CH-(CH2)4-COOH 




^CH2-CH=CH-(CH2)4-CH3 
CH2-(CH2)4-CH3 

33. The rubber composition in accordance with claim 1, wherein the ester is the 
reaction product of a C3-C24 alcohol with a tricarboxylic acid, having the following formula: 

H00C-CIi<:i|rC^i-CIt-C^2-CKb-CIfe CH,<3tj<:it-C^z-CHrCIfe-CI%-COOH 

OCX 

J 1 CHrCH=CH-(a®4-0% 
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34. The rubber composition in accordance with claim 1 , wherein the ester is a 
combination of compounds having formula I, II, III and IV, 

35. The rubber composition in accordance with claim 34, wh^ein the ester is a 
reaction product of a C3-C24 alcohol straight chain or branched, saturated or unsaturated 
having 1 to 3 carbon-to-carbon double bonds, with a dimer acid having CAS #61788-89-4. 

36. The rubber composition in accordance with claim 35, wherein the alcohol is 2- 
ethylhexyl alcohol. 

37. The rubber composition in accordance with claim 35, wherein the alcohol is a 
tridecyl alcohol. 

38. The rubber composition in accordance with claim 35, wherein the alcohol is 
an oleyl alcohol. 

39. A method of increasing the adhesion of a rabber composition to a polymer, 
glass, or metal substrate, said rabber composition including a natural or synthetic rabber,. a 
rabber vulcanizing agent, and an adhesive resin, comprising adding to said rabber 
composition, in an amount of about 0-1% to 15% by weight, based on the weigjht of the 
rabber, an ester having formula 1, 11, in, IV, or mixtures tiiereof: 

O 

r2-c-o-r^ 

wherein is a C3-C24 alkyl radical, straight chain or branched, saturated or unsaturated 
containing 1 to 3 carbon-to-carbon double bonds; R^ is a C3-C24 saturated fatty acid residue, 
or an unsaturated fatty acid residue having 1 to 6 carbon-to-carbon double bonds; 

O O 
R4.0-C-(CH2)„-C-0-R3 

wherein n=3-24 and R^ and R"*, same or different, are a C3-C24 alkyl radical, straight chain or 
branched; 
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wherein and R^, same or different, are a C3-C24 hydro carbon chain, straight chain or 
branched, either saturated or having 1 to 6 carbon-to-carbon double bonds; 

R^ and R^ same or different, are a C3-C24 alkyl radical, straight chain or branched; and 

R*® and R", same or different, are a C3-C24, saturated hydrocarbon chain, straight chain or 



wherein R", R^^ and R^®, same or different, are a C3-C24 hydrocarbon chain, straight chain or 
branched, either saturated or having 1 to 6 carbon-to-carbon double bonds; 

R^^, R^^ and R^^, same or different, are C3-C24 alkyl radical, straight chain or branched, 
saturated or imsaturated containing 1 to 3 carbon-to-caxbon double bonds; and 

R^^, R^^ and R^^, same or different, are C3-C24 saturated hydrocarbon chain, straight chain or 
branched; or unsaturated C3-C24 hydrocarbon chain, straight chain or branched, containing 1 
to 6 carbon-to-carbon double bonds. 

40. The method in accordance with claim 39, wherein the substrate is a pluraUty 
of cords. 



branched; or an unsaturated C3-C24, hydrocarbon chain, straight chain or branched, having 1 
to 6 carbon-to-carbon double bonds; 




r20 r17 
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41 . The method in accordance with claim 39, wherein the substrate is a polymeric 
sheet or fabric. 

42. The method in accordance with claim 39, wherein the substrate is metal flat 
stock material. 

43. A cord-reinforced article ofmanufacture comprising a plurality of cords 
selected from polymeric cords, metal cords, glass cords, and a combination thereof, adhered 
to the rubber composition of claim 1 , 

44. The rubber composition in accordance with claim 1, wherein the R , R , R , 
R'^, R^* are fatty acid residues derived from animal or vegetable fatty acids. 

45. The rubber composition in accordance with claim 44, wherein the fatty acids 
are selected from the group consisting of butter; lard; tallow; grease; herring; menhaden; 
pilchard; sardine; babassu; castor, coconut; com; cottonseed; jojoba; linseed; oiticia; oUve; 
pahn; pahn kernel; peanut; rapeseed; safflower; soya; sunflower; tall; tung; and mixtures 
thereof 

46. The rubber composition in accordance with claim 45, wherein the fatty acid 
residues are selected from the group consisting of hexanoic; octanoic; decanoic; dodecanoic; 
9-dodecenoic; tetradecanoic; 9-tetradecenoic; hexadecanoic; 9-hexadecen6ic; octadecanoic; 
9-octadecenoic; 9-octadecenoic, 12-hydroxy; 9, 12-octadecadienoic; 9, 12, 15- 
octadecatrienoic; 9, 11, 13-octadecatrienoic; 9, 11, 13-octadecatrienoic, 4-oxo; 
octadecatetrenoic; eicosanoic; 11-eicosenoic; eicosadienoic; eicosatrienoic; 5, 8, 11, 14- 
eicosatetraenoic; eicosapentaenoic; docosanoic; 13-docosenoic; docosatetraenoic; 

4, 8, 12, 15, 19-docosapentaenoic; docosahexaenoic; tetracosenoic; and 4, 8, 12, 15, 18, 21- 
tetracosahexaenoic. 

47. The rubber composition in accordance with claim 1, wherein the ester is a 
combination of compounds having formula II, III and IV. 
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48. The rubber composition in accordance with claim 1 , wherein the ester has 
formuia in. 

49. The rubber composition in accordance with claim 1 , wherein the ester has 
formula IV. 
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STATEMENT UNDER PCT ARTICLE 19(1). 

Litemational Bureau of WIPO 
34, cherain des Colombettes 
121 1 Geneva 20, Switzerland 
Facsimile No.: 011-41-22-740-14-35 

Attention: Authorized CffiicerJan Boon 

Ladies and Gentlemen: 

Transmitted herewith are substitute sheets 67, 69, 72-79, and 79/1, 
which have been amended pursuant to Article 19 of the Patmt Cooperation Treaty. 

According to the amendments, claims 2, 3, 6-22, 24-38, 40-42, 45, and 
46 have been amended and claims 47-49 have been added. Claims 1, 4, 5, 23, 39, 43, 
and 44 remain unchanged by these amendments. The claims have not been 
renumbered. 

Svq)port for the amendments may be found variously throughout fee 
application. More specifically, claims 2, 3, 6-22, 24-38, 40-42, 45, and 46 have been 
amended merely to correct typographical errors. 

Support for the added claims 47-49 may be found variously throughout 
the application. More specifically, support for added claim 47-49 may be found, for 
otample, in original claim 1 of the present j^Ucation. No new matter has been 
added. 
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]^tiy of the foregoing amendments is earnestly solicited. 

Respectfully submitted, 

Marshall, Gerstein & Borun LLP 

November 17, 2003 0 U (\ n A /i 

By: |M*^4r>a4Ax<jutx^ 

Richard H. Anderson 
Agent for Applicant 
6300 Sears Tower 
233 S.Wacker Drive 
Chicago, Illinois 60606-6357 
(312)474-6300 
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